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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: ) 

Gavreletal. ) Confirmation No. 6530 

Serial No.: 10/706,002 ) Examiner: Frank M. Lawrence Jr. 

Filed: November 1 1 , 2003 ) Group Art Unit: 1724 

For: HIGH PRESSURE PROCESS AND ) Attorney Docket No. 027 1KR.44551 

APPARATUS FOR THE ) 

ELECTROCOAGULATIVE ) 
TREATMENT OF AQUEOUS AND 
VISCOUS FLUIDS 



DECLARATION OF GUS GAVREL AND IRA VINSON UNDER 37 C.F.R. §1.131 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Tom Gus Gavrel and Ira B. Vinson hereby declare as follows: 

1. Tom Gus Gavrel, Ira B. Vinson and David Wayne Otto (jointly "we") are the co- 
inventors of the above referenced patent application relating to a plate and frame reactor design. 
The above referenced patent application claims priority from a provisional patent application 
filed November 11, 2002. We conceived and reduced to practice, or moved with due diligence 
toward actual reduction to practice of, the subject matter of Claims 1-19 of our above referenced 
application prior to October 10, 2002. 



HOUS/1859018.1 



-10- 



2. Under a duty of confidentiality, Gus Gavrel disclosed certain information regarding our 
plate and frame reactor design to Mr. Bill Gilmore on April 20, 2002, at the Texas Water 2002 
Trade Show in San Antonio, Texas. Ira Vinson witnessed the disclosure in person, and David 
Otto witnessed portions of the disclosure audibly by telephone. At the time, Mr. Gilmore was 
the owner of a provisional patent application having U.S. Patent Application No. 60/329289 filed 
October 12, 2001, that did not teach a plate and frame reactor design. Mr. Gilmore subsequently 
filed a non-provisional application on October 10, 2002, which claimed priority to the 
provisional application filed October 12, 2001, and included new information regarding a plate 
and frame reactor design that was very similar to the information that we disclosed to him at the 
Trade Show. 

3. Exhibit #1 of this Declaration is a copy of the Gilmore provisional application. Exhibit 
#2 of this Declaration is a copy of the Gilmore nonprovisional application. 

4. Our conception of the above-referenced apparatus coupled with reduction to practice or 
reasonable due diligence to actual reduction to practice are evidenced by the attached Exhibits 
#3-7, each of which are dated earlier than October 10, 2002. 

5. The attached Exhibits include: (i) a copy of a fax sent September 20, 2002, by one of the 
inventors to his attorney containing drawings of the invention, including a drawing of a plate and 
frame apparatus on page 002 of the fax, as Exhibit #3; (ii) an email sent by one of the inventors 
to his attorney on September 20, 2002, describing a process and apparatus for the 
electrocoagulative treatment of aqueous and viscous fluids utilizing a plate and frame apparatus, 
as Exhibit #4; (iii) an email sent by one of the inventors to his attorney on October 1, 2002, 
describing a preferred embodiment of the plate and frame electrocoagulation apparatus, as 
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Exhibit #5; (iv) an email sent by one of the inventors to his attorney on October 4, 2002, 
describing a plate and frame electrocoagulation apparatus, as Exhibit #6; and (v) an email sent to 
one of the inventors by his attorney containing a draft of a patent application for a plate and 
frame apparatus for electrocoagulative treatment of aqueous and viscous fluids, as Exhibit #7. 
We understand that attorney-client privilege may apply to these documents. We hereby waive 
such privilege for these specific documents, but no others, for the purpose of establishing the 
facts set out in this Declaration. 

6. In summary, we conceived the subject matter of Claims 1-19 of the above-referenced 
patent application in the United States and reduced to practice or moved with reasonable due 
diligence to a subsequent actual reduction to practice each of Claims 1-19 prior to October 10, 
2002. 

7, We further declare that all statements made herein of our own knowledge and all 
statements made on information and belief are believed to be true; and further that these 
statements are made with the knowledge that willful and false statements and the like so made 
are punishable by fine or imprisonment or both under § 1001 of Title 18 of United States Code 
and that such willful and false statements may jeopardize the validity of the above-referenced 
application and any patent issuing therefrom. 
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CERTIFICATE OF MAILING 37 C.F.R. 1.8 (a) 

I hereby certify thaTftiiflfigBpefidence is being deposited with the United States Postal Service as First Class Mail in an envelope on the date 
indicated, addressed to the Commissioner for Patents, Mail Stop Amendment, PO Box 1450, Alexandria, VA 22313-1450. 
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Teffie Lindquist S 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Confirmation No. 6530 



In re Patent Application of: 
Gavrel et al. 



Serial No.: 10/706,002 

Filed: November 1 1 , 2003 

For: HIGH PRESSURE PROCESS AND 
APPARATUS FOR THE 
ELECTROCOAGULATTVE 
TREATMENT OF AQUEOUS AND 
VISCOUS FLUIDS 



Examiner: Frank M. Lawrence Jr. 

Group Art Unit: 1724 

Attorney Docket No. 0271KR.44551 



DECLARATION OF DAVID WAYNE OTTO UNDER 37 C.F.R. 81.131 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

David Wayne Otto declares as follows: 

1. Tom Gus Gavrel, Ira B. Vinson and David Wayne Otto (jointly "we") are the co- 
inventors of the above-referenced patent application relating to a plate and frame reactor design. 
The above referenced patent application claims priority from a provisional patent application 
filed November 11,2002. 
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2. Under a duty of confidentiality, Gus Gavrel disclosed certain information regarding our 
plate and frame reactor design to Mr. Bill Gilmore on April 20, 2002, at the Texas Water 2002 
Trade Show in San Antonio, Texas. Ira Vinson witnessed the disclosure in person. I witnessed 
portions of the disclosure audibly by telephone. At the time, Mr. Gilmore was the owner of a 
provisional patent application having U.S. Patent Application No. 60/329289 filed October 12, 
2001, that did not teach a plate and frame reactor design. Mr. Gilmore subsequently filed a non- 
provisional application on October 10, 2002, which claimed priority to the provisional 
application filed October 12, 2001, and included new information regarding a plate and frame 
reactor design that was very similar to the information that we disclosed to him at the Trade 
Show. 

3. We conceived the subject matter of Claims 1-19 of the above-referenced patent 
application in the United States and reduced to practice or moved with reasonable due diligence 
to a subsequent actual reduction to practice each of Claims 1-19 prior to October 10, 2002. 

4. I further declare that all statements made herein of my own knowledge and all statements 
made on information and belief are believed to be true; and further that these statements are 
made with the knowledge that willful and false statements and the like so made are punishable 
by fine or imprisonment or both under § 1001 of Title 18 of United States Code and that such 
willful and false statements may jeopardize the validity of the above-referenced application and 
any patent issuing therefrom. 



\ 



FURTHER DECLARANT SAYETH NOT. 




David Wayne Otto 
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CERTIFICATE OF MAILING 37 C.F.R. 1.8 (a) 

I hereby certify that this correspondence is being deposited with the United States Postal Service as First Class Mail in an envelope on the date 
indicated, addressed to the Commissioner for Patents, Mail Stop Amendment, PO Boxl45Q^Alexandria, VA 223 1 3-1450. 



Date 



Terrie Lindquist " £/ 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of: 
Gavrel et al. 

Serial No.: 10/706,002 

Filed: November 1 1 , 2003 

For: HIGH PRESSURE PROCESS AND 
APPARATUS FOR THE 
ELECTROCOAGULATIVE 
TREATMENT OF AQUEOUS AND 
VISCOUS FLUIDS 



Confirmation No. 6530 
Examiner: Frank M. Lawrence Jr. 
Group Art Unit: 1724 
Attorney Docket No. 0271KR.44551 



DECLARATION OF CONSTANCE GALL RHEBERGEN 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Constance Gall Rhebergen declares as follows: 

1 . I am the attorney of record for the above referenced patent application. 

2. I hereby verify that Exhibits #3-7 which accompany the Declaration of Gus Gavrel and 
Ira Vinson Under 37 CFR §1.131 submitted herewith are true and correct copies of documents 
that were kept in the ordinary course of business by our law firm, Bracewell and Giuliani LLP. 
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3. I further declare that all statements made herein of my own knowledge and all statements 
made on information and belief are believed to be true; and further that these statements are 
made with the knowledge that willful and false statements and the like so made are punishable 
by fine or imprisonment or both under § 1001 of Title 18 of United States Code and that such 
willful and false statements may jeopardize the validity of the above-referenced application and 
any patent issuing therefrom. 



FURTHER DECLARANT SAYETH NOT. 




Gall Rtfebergen cJ Date 




uw% — - 
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Elc etrocoagulation Reaction Chamber and Method 



I TECHNTCAL FTELft 



The invention generally relate ekmcms used in electrical and wave energy 
chemistry. Mate specifically, the invention pefcucs to electrolytic apparatus composed of 
electrodes with an clccttode supporting means consisting of a dielectric gasket or spacer. 
In a further aspect, che invention rclaies to an electrolytic apparatus and method that 
employ parallel pjaic electrodes to form plural separate treatment chambers or wnes, with 
a fewHng or withdrawing means providing a flow of liquid to be treated to the cells. 



j 15 BACKGROUND AR^ 

1 Th e practice of electrolysis upon aqueous solution results in pwbetion of water and 

\ an agglomerate. The lauer can be separated from the water io produce a clean water. This 

process and iis chemistry arc well known, and many types cf apparatus are used in the 
| practice of it 

n 

| 20 A Pdmary problem in using an electrolytic process to produce clean water is a 

i geaerally high cost of ueannent Tne direct cost of electricity is a significant part of the 

I overall cost The amount of electricity used in electrolytic processing is variable according 

] 10 fc* 101 * m the design of an electrolytic reaction chamber. Design Ceaturcs that 

reduce electrical consumption aic beneficial. 
J 23 ^ cost °f maintaining electrodes is another part of overall cose Electrodes are 

f consumed by the electrolytic reaction, but ihcir consumption is basic to the chemistry of 

: the reaction and is expected to occur over a predetermined time thai is a function of 

I reaction conditions. However, ekctrodes also can be fouled or short-circuited by deposit 

of reaction products. A fouled electrode becomes prematurely inefficient and can add to 
die amounrof electricity consumed. Also, it will wear unevenly and will require premature 
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I replacement or removal for cleaning, oilier of which adds id maintenance cose and do^n- 

; time for the reaction chamber. A reaction chamber ihai keeps its electrodes clean daring 

I elcaiolyric processing is beneficial. 

l A reaction chamber is designed 10 accommodate ©any aspects of the electrolytic 
f 5 process. Primari ly, ihe chamber musz be effective and efficient in its performance. Thus, 

| such aspects as electrode composition, sparing, and surface area are considered. 

| Sustainable spacing between electrodes is important, so that adjacent electrodes do not 

i • 

contact each other and thereby produce a short eircttit The flaw path through the 

•i - • 

I electrodes is a significant factor, as the length of the path inftoeaccs the speed with which 

\ 10 the reaction most be performed and, thus, influences the electrica) requirements of the 
chamber- Ease of replacing electrodes is significant both in terms ^maintenance cost and 
? the down-time of a reaction chamber. These are only a few of the considerations that 

I influence design of reaction chamber, which is a complex process. 

v 

[ One desirable configuration for a reaction chambers is known as the "filter press" 

\ 15 design. Electrode plates are interleaved with dielectric spacers and gaskets to foam an 
electrode stack. The stack is capped at its opposite ends by end plates, which are clamped 
\ together by suitable bolts or the like . The bolts are tightened to damp the end pJaie*. in 

turn squeezing together the elements in the stack of electrode^ gaskets and spacers. The 
\ dier press design is desirable because the stack of electrode plates is a unit that is easy to 

^ 20 handle. Further, the spacing between plates is well controlled. The end pJaies can be 
configured for connection, to inlet and outlet conduits for feeding and removing a process 
: : . liquid, and die electrode plates can be suitably apertured or otherwise configured to define 

a flow path between the electrodes in the stack. A filter press dcs^gr^l^d^ gae^j&J&ejjtid? 
: of electrode plates having a square or rectangular shaP** 

I 25 therefore, relatively low in cost 

tfniied State* Patent No. 1.5*1,9-7 u> Hartman et al (1922) shows an early attempt 
at constructing such a filter pies, Style reaction chamber. The electrodes are rectangttlar 
\ plates. Alternate plates arc apertnred near opposite narrower ends of the rectangle. 

« Notably, two apertures are used at the perforated end of each rectangle- These apertures 

| 30 arc tersely oblong, such that a considerable percentage of ihe perfor^d end is open 

< 
i. 
\ 

\ 
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{ for liquid flow from one processing chamber or zone to the next Thus, the stack the 

j . electrode* defines a sinuous, longitudinal flow path from edge-tcK*Jge of the rectangle. 

with the direction of flow reversing in each successive zone as the process liquid flews 
\ through the series of processing zone*. 

] 5 Later advances in chamber design reveal that edgoto-edge sinuous flow across a 

\ nxtangte is not uniform. Fluid in certain axcas between the electrodes vrill he stagnant, 

\ allowing ptwapitaies to foul nearby surfaces of the electrodes. United Stales Patent No, 

4,124,480 to Stevenson discloses this problem in a fiber-press design thai employs edge-to- 
I edge flotv over rectangular plates in a stack. The electrode plates are slotted across the 

\ io foil widih of alternating narrow end* to encourage die process liquid to flow over the full 
j width of each electrode plate However, even passing through a £ufl width dot, the liquid 

i stagnates along the edges of lhe plates, perhaps b ecau se of resistance induced by contact 

'\ with the gasket or spacer located at such edges. Thus, it appears likely that longitudinal 

■j flow over a rectangular plate bounded by a side wall will be iw>n-uniform and will result 

| 15 in fouling of certain areas of the plates, 

! The Stevenson patent also propose? a filtet>pixss design using an alternate flow 

pattern with square ekcirodc plates forming square treatment chambers- A first group of 
electrode plates ace aperture^ ar their center. A second group of electrode plates arc 
relatively smaller in sfae ihan the first, such thai they leave an almost continuous peripheral 
20 gap between each of the second group plaies and the stack gaskets. In the second group, 
I only the comers of the periphery are engaged between the gaskets and securc the second 

I plates in the stack. The plates OF the two groups arc arranged in the stack in alternating 

sequence- The resulting flow path is from, die center of a plate in the first group to the 
I periphery of a plane in the second group, and vice versa, 

? 25 However, it can be readily seen that such center-to-pcriphcry and periphery- to-ccntcr 

r 

I (low uiH be non-uniform when square treatment chambers are used. In a stack of square 

\ 

\ platen the shortest flow path, and likely the one with least ncsistancc, is between the center 

hole of one plate and the midpoint along any of die four edges of a juxtaposed plate. 
Fouling is likely along the tcl&dvely longer flow paihs near the comers of all plates in the 
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stack, viih resulting uneven wear, poorly predictable process control* higher electricity 
usage, short circuits, and premature plats replacement or ratinicnance. 

It is evident char circular plates would be no more successful in producing equal 
length radial flow paths. Fabricating and assembling a stack of circular plato is likely to 
5 be more expensive and win nor solve the problems of premature fouling. Like square 
plates, circular plates must be configured with portions that engage ihe stack gaskets: and 
5 . (hey must provide apertures or peripheral gaps that establish a sinuous flow path between 

i plates. A circular shape is little better than a square one in meeting these two 

requirements. Uneven flow paths or stagnant areas are Inevitable results. Circular places 
} 10 are likely to behave similarly to square plares in suffering prematurely fooled zxtts. 

} It would be desirable to overcome ihe existing fouling problems in reaction 

t 

chambers of the filter-press design, la particular, it would be desirable to have a chamber 
design producing predictable wear pauems in which fouling is not a substantial issue. Such 
\ a design would enable the reaction chamber to be operated with sustained process 

? 15 efficiency over a predictable interval Such a predictable interval can be determined by 
I calculating the consumption of the electrodes according to the reaction parameter imposed 

\ upon the chamber, rattier than by the unpredictable tirnc between loss of efficiency due to 

]■ fouling. Maintenance or replacement operations can be perfonned at scheduled intervals, 

j allowing a high degree of confidence that the electrocoagulation process will remain 

I 20 effective and efficient between such service- 

• 

I To achieve die foregoing and other objects and in accordance whh the purpose of 

* the present invention, as embodied and broadly described herein, the decuocoagulaiion 



chamber and method of this invention may comprise the following. 



} 25 DISCLOSURE OF INVENTION 

j The objects, udvamages and novel features of the invention shall be set forth in 



part in the description ihai follows, and in part will become apparent to those stilled in the 
art upon examination of the following or may be learned by the practice of die invention. 
The object and the advantages of the invention may be tea tired and attained by means of 
30 the instrumentalities and in combinations particularly pointed out in the appended claims. 
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The accompanying drawings, which arc incorporated in and form a part of the 
specification illustrate preferred embodiments of the present in vendor w4 together with 
the description, serve to explain the principles of the invention, la chc drawings; 

5 Brag DE ^RimoN QF THE DRAWINGS 

Figure 1 is a schematic diagram of Ac overall electrocoagulation process* 
Figure 2 Ls top plan view of a single ekctrodc plate, showing the comer apertures 

in solid border, and showing an alternative central aperture in dashes. 
Figure 3 is a top plan view of a single gasket or spacer, 
10 figure 4 is a Aide elcvarional view of an entire reaction chamber. 

Figm© 5 is a side elevational view of lop and bottom pressure plates of a reaction 

chamber, showing compression members joining the pressure plates. 

Hgune 6 is a simplified exploded view of a portion of a reaction chamber, showing 

the alternating placement of electrode plates. 
15 Figure 7 is a schematic view of the liquid flow path through a reaction chamber. 

Figure 2 is a schematic view of die liquid flow path through a single treatment 

chamber of zone within a reaction chamber* showing the four comer apertures in one of 

the bordering electrode glares in dashed outline and shoeing the csnlral aperture of a 

second bordering electrode plate in solid outline. 

20 

BEST MOPE FOR CARRYING OUT THE INVENTION 
The invention provides a non-fouling, self-cleaning, sinuous flow, electrolytic 
reaction chamber, A reaction chamber having a filter press structure is suitable for 
establishing and maintaining a stack of electrode plates thai define a plurality of sequential 
25 treatment chambers or processing zones. The filter press style of reaction chamber is suited 
use in a system for treating water or other process fluids by electtocoagulation. The non- 
fouling characteristic of Ac reaction chamber is achieved by creating streamlined flow 
paths confining the process liquid to a highly predictable or known How path through each 
zone. Thus, in a streamlined flow path, the available surface area of d*c electrodes is 
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v 

i 

\ limited to the shape of a predictable or known flow path, characterized by a lack of stagnant 

I areas* 

i The surface ansas of the electrode can be cgnfoncaed to the predictable or known 

\ flow path hy several methods. Km and preferred, the dectcode rfaic is supplied in a size 

: 5 exceeding ihe size of the known or predictable flow path, and those ponions exceeding the 

i 

\ flow path ate blocked. For example, die electrode plate may ht generally square which 

\ is not a desirable shape for a flow path and. therefore, contains surplus area. 

1' The portions of the place not a part of the predictable or known flow path arc 

\ blocked from contact, with the process liquid- Such blocking may be accomplished by 

\ 10 supplying a gasket cut into a configuration that lies over the portion of the plate to be 

I blocked. If a spacer is used in combination with a gasket between juxtaposed plates, the 

\ spacer may be cut in the same shape as Sic gasket so that ii will support the gasket against 

: the plate. When a slack of electrode plates, gaskets and spacers are compressed in a filter 

I press style reaction chamber, the gaskets are snugly compressed against the plates, forming 

\ 15 a liquid tight seal. The remaining, unblocked surface areas of the electrodes arc in contact 

i 

; with the process flxdd. Because the unblocked areas bound a known or predicted flow pattu 

i 

the unblocked areas arc selfoleaned by the liquid Dow. A second method of conforming 

»■ 

i the surfiaeE area of the electrode to the predictable or known flow paih is by providing the 

j 

; dccirode plates in the size and configuration of the flow path. Far example, a flow path 
20 over a pbte wiih apertures located in certain predetermined areas will define a 

i predetermined shape. The electrode plate* In a reaction chamber employing such a flow 

( , path can be cut in a matching size and predetermined shape, with supporting tabs or an 

l additional edge portion at the periphery, as requited ro he engaged by gaskets. The gaskets 

i" and spacers ate shaped to engage only the additional edge pordons or supporting tabs or 

I 25 the specially shaped plates. 

i Empirical testing can determine the shape of flow paths in a reaction chamber. 

| Initially, a reaction chamber employing electrode plates of a standard shape, such as a 

I square, can be operated for a sufficient time to determine where foulins occurs. Such 
testing should be conducted with plates configured to define apertures in preselected 

I 30 locations and of size and spacing suited for process conditions. The flow paths appear on 

j- 
i 
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I the plajss as clean areas, while areas prone to stagnation or low flow ra*ea will coated 

l' 

[ with deposits* The resoles of empirical testing establish the Joiown or predictable flow 

► • 

\ paths for the reaction chamber. Thereafter, the gaskets and spacers can be shaped to block 

r 

the plate areas not lying along the empirically determined flow path. 
5 The invention provides a reaction chamber employing a flow path having a pattern 

; causing the process Quid to clean the exposed electrode surfaces. The reaction chamber 

is of filter press construction* in which electrodes are atrang&d in a stack. As assembled 
\ in the stacjc, each electrode has a native geometric shape or otticr edge contour ihat can be 

{ chosen for any deskted characteristic, snch as a physical shape suited to form a teat-proof 

4 

l 10 scadc a shape that is convenient to fabricate and handle, or a shape that otherwise meets 

i 

I a requirement of a particular situation. Plaies of regular symmetrical geometric shape 

is 

f relative to a center point tend to be good choices for sealing in a filter press chamber, easy 

\ handling, economy of manufacture and shipping, efficiency in utilisation, and for forming 

? predictable, regular flow paths. By way of example such shapes indnde an equilateral 
'{ 15 trian^J^ square, circle, or other regular geometric shape. Elongated variations of these 

i 

\ shapes, such as an ellipse* ovaL rectangle, or an irregular shape are less desirable but ari> 

useable because the flow path ultimately will be determined by other factors, such as the 

I 

\ relative positioning of apertures in juxtaposed plates. 

It 

\ A gasket separates each clearode from a juxtaposed electrode in die suck. Each 

r 20 gasket can be shaped at its outer edge to match die enter contour of the electrode plate. 

| Optionally, each pair of juxtaposed electrodes axe separated by two or more gaskets, and 

I a spacer of predetermined thickness is interposed between two of the gaskets. The gaskets 

t and spacers me planar and are of similar or substantially the same shape, such as if cut 

from sheet stock by the same cnttiaj; die. The gaskets lie generally over the peripheral 

j? 25 margin of each electrode plate and have an open center area, which defines the uncovered 

j ' central areas of each juxtaposed pair of electrodes- The uncovered area of the electrodes 

j is the active area that contacts process liquid and participates in an electrolytic reaction 

X with the process liquid The uncovered area between each pair of electrode* constitutes 

a separate treatment chamber or zone. 

i 
\ 

i 
■? 

i 

'9 
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t A means for establishing an electrical connection to each electrode plate allows each 

\ s plate co cany a polar charge. For example, a. conductive lug may extend from one or more 

I edges of each square place co beyond the outer edge of the gasket, providing a connection 

\ poiia for an electrical source. Adjacent plates may be oppositely charged by a D.C. 

I 5 electrical source. with the result that each aeatmcm chamber or Zone is defined by one 

: positively charged plate and one negatively charged plaie, 

I The electrodes define aperuros allowing process liquid to pass from one *o«e to the 

f nexL in the stack oT electrodes. Each cad of the electrode stack is capped by an end plate 

( or pressure plaie. The opposite pressure plates ate joined together by elongated bolts, 

I 10 threaded rods, or other means for drawing the pressure plates toward each other. The 
pressure plates compress *c electrode stack, primarily by compressing the gaskets to form 

| a leak proof seal against the ptaies and .spacers. The sack of electrode plaice gaskets, 

I spacers and joined pressure plates together defines a reaction chamber. The pressure plates 

| provide inlet and outlet fittings for transmitting process liquid through the reaction 

I IS chamber: The apertures in the plates provide a flow passage for the process fluid to follow 

j through xbc reaction chamber. 

j The apertures through the electrode plates establish a flow paih passing sequentially 

i through each of the treatment chambers or aones established between juxtaposed plates m 

* the electrode stack. The flow pattern between sequential apertures is determined by the 

j 20 aperture positions and the configuration of the active or exposed electrode surfaces. 

I The plates in the Stack consist of at least two groups, in which each group is 

\ configured with a different aperture pattern from die other group. The plates of the first 

\ group, or group one, euch define a central and preferably circular aperture- located near the 

! geometric center of the electrode plate. The plates of the second group, or group two. each 

| 25 define a plurality of peripheral apertures, preferably circular in shape. 

| In a plaie shaped with corners or distal points, such as a square or triangular plate, 

j an efficient usage of electrode plate ana. suggests locating one of these peripheral apertures 

i near each of the corners or points of the electrode plate. Thus* in a square electrode plate, 

i four peripheral apertures are used with one in or ntar each comer of the square. 
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1 In a circular plate or oThcr plate without comers or points, the peripheral apertures 

j arc located near fce peripheral edge of the plate. Preferably the peripheral apcrtnrcs arc 

r equidistant from each oxher and from tbc cents* of the plaie. 

Plates of the lwo gj."oups arc arranged in alternating sequence in the electrode stack 

} 5 Each treatment chamber or zone is bounded hy one plate having a central aperture and one 

j plate having a plurality of peripheral apertures. The flow path from zone to zone passes 
sequentially through Hie alternating hole patterns. Thus, in one of ihc scones die direction 

\ of liquid flow is from die center aperture of a place from group one. spreading outwardly 

I to the multiple peripheral apertures or a next sequential plate stack- which is from 

f 10 group wo. 

I as the fluid enters the next zone, the direction of flow reverses. The flow partem 

\ converges inwardly toward the center of the next sequential plate in ihe stack, which is 

; from group one. This flow pattern of diverging and converging shape is repealed through 

\ the stack of electrode platss. The flow pattern causes turbulent flow of the process liquid. 

\ 15 which encourages self-cleaning of the electrodes. The reversal of directions contributes to 

I turbulent flow, which assists in cleaning the electrode plates and improves reaction speed 

j and efficiency. 

i 

| The almost every situation, the area of the aperture in a group one place is cxpccrcd 

to be unequal to the sum of the areas of the plural apertures in a group two plaxc 
20 Consequently, the process liquid wfll undergo changes in velocity as it raoves from one 
treatment chamber to the nexu These velocity changes further contribute to turbulent flow. 
The configuration of the inner edges of the spacers and gaskets is designed to block 
Stagnant areas or areas of relatively low flow rate, such thai the flow rate cannot sustain 
a dean condition of ihe electrode surfaces. Empirical testing shows that the toner edge of 
25 the gasket should have an undulated shape, consisting of trough portions and crest portions. 
The inner edge of the gasket defines a recess or concave trough at each of the peripheral 
apertures of a group two plate. The trough or recess is centered along the outside edge of 
one of ihe peripheral apertures. Thus, the number and pactions of the troughs is equal to 
the number and positions of the peripheral apertures. 
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Thc contour of each trough portion trades ifae owennost edge of a peripteral 
apcxtoxe up to about one-half the ciicumfcraice of the aperture Hie remaining half of an 
aperture's drcumfercncc is the inner most edge. This edge is open toward the center of 
the treatment chamber to allow process liquid to flow from the peripheral aperture of a 
5 group wo plate toward tbc center aperture of a group one plate. 

Neighboring trough portions of (he undulated gasket edge arc joined by a crest 
portion- Between troughs* the inner edge of the gasket defines a convex edge or crest 
centered on the central aperture of a group one plate. The apex of Ac convex edge 
typically wfll be spaced front the edge of the center aperture. A suitable spacing can be 
10 determined by che process of empirical testing. Often the crest will be separated from the; 
central aperture by two or more diameters of the central aperture. 
\ With reference to Fig. 1 of the drawings, a system 10 for treating a process liquid 

by electrocoagulation can employ a filler press style reaction chamber 12 using streamlined 
flow paths. On the upstream side of the chamber; the system can include a surge tank 14; 
]S a means for supplying chemical enhancement additives 16; and an oxOtve generator of 
: oxygen source 18, On the downstream side of the chamber 12, the system can provide a 

development tank 19. In addition, the system is powered from a DC po^er supply 20 and 
controlled by a programmed processor such as a program logic controller (PLC) 22. In 
I addition, the system may include supplemental standard equipment such as valves (V) and 

{ 20 pumps (P) as required. 

i In a ntprcscntati\-e system* surge tank 14 holds a minimum of five minutes supply 

{ of process liquid, based on the applicable flow raic through the system- The surge tank 

I contains a static mixer 24 £6r ensuring that any chemical additive* 16 arc thoroughly mixed 

with the process liquid* An ozone diftuser 26 or an oxygen micro-bubbler 28 are located 
■f 25 near the bottom of the tank. 

\ Chemical enhancement additives 16 commonly are acid or caustic solution for 

) altering the pH of ibe process liquid. A metering pump 30 is controlled by a pH probe 32 

in the surge tank for Wending the acid or caustic chemical additives into the process liquid. 
Other additives can be added by a pump 34 conuroHed by a timer in the processor. 
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The osonc ^cncraior or oxygen source 18 is used to accelerate the oxidation rale 
of ihe electrolytic reaction- It also treats contaminants that may not be adequately created 
in the reaction chamber. It is sized according u> the now raic of the system. Oxygen 
Increases the overall oxidation rate of the electrolytic process. When ozone is used in place 
5 of oxygen, the raie of the overall oxidation reaction is increased by a factor of about 
thirteen. However, oxygen is less expensive and adequate for many applications 

With general reference to the drawings, a reaction chamber 12 can be constructed 
of square electrode plaics alternating between group one plates 36 and group two plate* 3S, 
The group one plates have an apertuie 40 at the center, while ihe group two plaics have 
10 four apertures 42 distributed wiOi one m each comer. The areas of the holes d0,*2 are 
calculated to cause a pressure differential so thai the velocity of the process liquid varies 
and causes turbulent flow as its passe* between juxtaposed plates. 

The plaies are separated by spacers 46 formed of a chemically inert material such 
a polyvinylchloride. The spacers are selected for tfactr predetermined thickness, which 
15 establishes a corresponding gap between the electrodes. A wide variety of spacer thickness 
can be preselected Co accommodate the electrical requirements of the process liquid 

A gasket 4S is located bcLwcen each plate and spacer for scaling the treatment 
chambers or /.ones 50 within the electrode stack. The gaskets and spacers are shaped by 
their inside edges to define streamlined flaw paths in each treatment chamber 50, Gasket 
20 material typically is of a durometer in the range from sixty to seventy to produce a liquid 
light seal wiihouL requiring adhesive. To a small degree, the gaskets influence the gap 
between electrodes. In addition, gaskets can be chosen with a preselected thickness to 
change ihe electrical characteristics of the reaction chamber. 

The electrode stack is held in place by upper and lower pressure plates 52. The 
25 plates are equipped with finings 54 for attaching inlet and outlet conduits to Lhe ehamber. 
T he plates 52 are held together and compressed against the electrode stack by scal able 
compr ession tods that may include bolts, threaded rods. cam-Iodcmg fastener rods and the 
like. A set of four compression bolts 56 may connect the plates 52 at die Tour corners of 
the stack. In addition, another compression means such as a cam-locking fastener 58 may 
30 interconnect the plates 52 ai the midpoint of each straight side of the siadc The periphery 
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of each electrode plate, gasket and spacer may be apcrturcd to be threaded over the 
compression rods as an aid to the assembly of die electrode stack. 

Each electrode plaic carries a lug 60 for receiving a D.C electrical connection- The 
lugs extend outside the gaskets on the outer surface of the clccuode stack. A guard or 
5 cover cap be placed over the reaction chamber to prevent inadvertent contact with the lugs 
or any other electrified portion of the reaction chamber. As a safety measure, the guard 
may be equipped with an interlocking switch for shutting off power to the system when the 
guard is removed. 

The development tank 19 receives treated process liquid under pressure from the 
10 reaction chamber 12. The treated liquid resides in tank 19 while floe forms. A static 
mixer 64 in tank 19 enhances floe development, a polymer injection system 66 can be 
used where polymers will improve Ac settling process. 

The D.C power supply 20 receives A.C. power from the grid and transforms it to 
D.C through a rectifier. The positive and negative sides; of the D.C supply arc sdccuvdy 
15 connected to electrode blades in the reaction chamber. The D.C supply can swiich or 
reverse polarity to Che electrodes. Periodically reversing polarity minimizes any buildup 
of oxides on the electrodes. 

Overall system control resides in the program logic controller 22. Conuollcd 
features include liquid flow rate* operation of pumps and valves, and application of power 
20 to the reaction chamber electrode places. 

In operation, the system 10 is suited to treat process liquids, which may Include 
waste waier, drinking water> or process water. Process liquid is pumped from a source 62 
to the surge tank 14 at a specified number of gallons per minute. The surge tank provides 
flooded suction for a feed pump 6S. It also receives chemical additives 16 such as acid 
25 or caustic solution ro adjust the pH of the process liquid The static mixer 24 blends the 
additives and the process liquid. Ozone or oxygen IS are injeered into the process liquid 
to enhance the normal rate of oxidation that will take place in the reaction chamber 12. 

Optionally, polymers can be injected into the liquid in the surge tank to improve 
ihe floe structure of certain process streams. For example, when thickening a stream of 
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\ sewage sludge, five percent of the normal polymer raie improved the resulting solids from 

f seventeen percent to over twenty percent 

I The process liquid from the surge tank is pumped under pressure through a 

J' connection to one or moic reaction chambers 12. Each reaction chamber contains elecrrode 

• 5 plates formed of selected mctnls to provide the optimum tons for the appropriate chemical 

? treatment of the process liquid If multiple reaction chambers 12 ore connected to the surge 

I tank, individual reaction chambers can be placed on-line or off-line by suitable valves 67. 

I This allows adjustment for varying flow cuss, and petrous maintenance of individual 

v ■ ■ 

| chambers while processing continues in another chamber. The power supply 20 provides 

> 

f 10 DC current 10 the electrodes, where the electricity passes through ihe process liquid and 

] causes chemical reactions tending to form impurities into precipitates and floes. 

\ . The treated process liquid is exits the reaction chamber and enters Ac development 

is 

I tank 19 while still under pressure- a residence time in chc development tank allows floe 

\ to develop and be separated from the remaining portion of the treaxed process liquid, which 

) 15 often is clean water. Sialic mixer 64 in die development tank increases the rate of floe 

{ development and increases the efficiency of the polymer injection system 66. Liquid from 
the development tank can be pumped or gravity fed to a secondary .separation system 69 

l such as a clarifier, filter press, filter, or the lite- 

? Two systems clean the reaction chamber when it is inactive. One system 70 purges 

i . 

j 20 the chamber and then cleans it by pumping in acid or caustic solution that removes Any 

i build-up of contaminants on the electrode plates. A second system 72 purges the chamber 

} with water to remove contaminants. The chamber is allowed to remain filled wixh clean 

i waccr when it is idle. The water prevents oxidation on The clectrodes. 

The following example provides a. detailed description of a preferred embodiment 
25 of the reaction chamber. 



r 

I EXAMPLE 

i 



With reference to Fig. 2> a square electrode plaie 1 00 has equal sides twelve inches 
(30.5 cm) in length. An electrical connection hx% 60 extends from one of the sides at a 
position near one of the corners. The plate can be configured as either a group one or 
? 30 group two plate, according io the number and position of apertures formed in it A central 
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aperture 40 is formed through each group one plate- Four comer apertures &2 are formed 
through each group two plate. The comer apertures are spaced from the edge of the plait? 
by 0.55 inches- Each aperture 4042 is three-quarters inch (19 mm) in radios. With an 
electrode plate eighosen inches per side, the preferred aperture radios is one inch. In a* 
5 electrode plaie twenty-four inches per side, (he preferred aperture radius is one and one-half 
inches. 

With reference to Rg- 3, a gasket 48 has a square outer edge twelve inches per side 
and is sized to fit over the electrode plate wiih edges aligned The inside edge of the 
gasket is contoured in an undulating pattern. At a position over the comer aperture of the 

10 electrode, the gasket is shaped with a trough or recess 102 having a concave curve on a. 
three-fourths inch radius. The concave curve is located on the gasket to align with the 
edge of a comer aperture 42 of a group two plate over approximately the outermost one- 
half of the circular aperture. In a gasket having eighteen inch side edges, the concave 
curve has a one inch radius: or with a gaska having twenty-four inch side edges, the curve 

15 has a one and one-half inch radius* or in each case conforming to the radius of the aperture 
in a mating electrode plate. 

The inner edge of the gasket forms a crest or convex cure 1 04 between concave 
curves 1Q2. The apex or ameer point of the crest is spaced two inches from the outer edge 
of Lhc gasket. The end of the crest meeting the trough blends smoothly. In a gasket 

20 having eighteen inch side edges, the apex of the crest is throe inches from the outer edge; 
or with a gasket having cwenty-four inch side edges* the apex of the crest is four inches 
from the outer edge. Gaskets typically will be one-eighth inch in thickness. 

Spacers 46 are shaped identically to gasket* 43 but vary in thickness. Suitable 
spacer thicknesses; are onc-qnartciv three-eighths, one-hall thn&e>ronrths T and one inch. 

25 With reference to Kg. 4, the reaction chamber 12 is formed by a stack of electrode 

plates arranged between top and bottom pressure plates 52. Each electrode has a gasket 
on both its top and bottom face, and a spacer 46 is interposed between the gaskets 
associated with juxtaposed electrodes. In addition, an end gasket 48 and an end spacer 46* 
are interposed between each of the pressure plates and each end electrode. Ken gated 

30 compression members 56 join the pressure pluses and allow them to be drawn toward each 
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other to compress the gaskets. With reference to Hg. 5, the assembled reaction chamber 
may include bolts or tightening rods 56 at cadi comer of the pressure plates- Alternate 
compression members $ucb as cam-locking rods 58 may be located at one or more 
locations intermediate the corners. 

With reference to Hg- 6, the electrode plates in ihe stack are arranged with group 
one and group two plates in alternating positions, wiih ihe connecting lugs in alternating 
directions. This eases connection of one elccmcal pole, such as the positive pole to every 
other plate, such as all of the group one plates. The opposite pole, sueh as the negative 
pole, is connected to all group rwo planes. The pressure plates 52 are provided with a 
fitting or connecting aperture 54 for an inlet or outlet to die reaction chamber. 

Wuh reference co Fig. 7, the flow path through Hit reaction chamber 12 is sinuous. 
Liquid entering ihe chamber through one end is directed sequentially through alternating 
electrodes of groups one and wo. in whatever order is selected during assembly of ihe 
chamber. The liquid follows a flow path 106 that variously diverges and converges as its 
traverses each treatment zone, as defined between two juxtaposed electrode plains. 

With reference to Figs. 8, the flow within each 200c is represented by the arrows 
106. This flow is turbulent due to the varying contour of the zone- The liquid to change 
velocity frequently. For example* in passing through the four apertures 42 of a group two 
plaice the liquid sees an overall large passageway represented by the areas of the four 
apertures. The liquid can flow relatively slowly through such a large portaL However, 
when subsequendy passing through the single aperture 40 of the juxtaposed group one 
plaie. the liquid sees a rtlalivcly small ponal represented by the area of the single aperture. 
The liquid must flow relatively faster through the smaller portaL Additional velocity 
changes result as the liquid passes from Ihe narrow portions of a single zone to a wider 
portion, or vice versa. This turbulent flow improves the efficiency or ihe 
electrocoagulation process and helps to clean the electrode surface* of accumulated 
precipitates or floe. 

The foregoing is considered as illustrative only of the principles of the invention. 
Further* since numerous modifications and changes will readily occur to those skilled in 
the arc, it is not desired to limit the invention to the exact construction and operation shown 
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aod described, and accordingly all suitable modifications and equivalents may be regarded 
as falling within rhc scope of die invention as defined by the claims thai follow. 
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The invention generally relates efen^ M m dectrical ^ ^ 
cbemiary. More specifically, the invention refcaesto electrolytic apparatus composed 
of aectn^te ^ a« electrode sopi)^ 
spacer. to * *^ aspect, the jm^^ 

method ^ cmplby parallel plate electrodes a> form plural ^ treatment 
chamber, or zones, with aVeedm* ox wifcdrewmg means providing a flew of liquid 
to be treated to the cells. 



15 



J. BACKGROTTNT> ART 

I Tne practice of electrolysis upon aqueous .sohuian results io production of 

j water and a* agglomerate, lie W can be W ite water k» pwdtice a 

I cfeanwa**. ^Pl^^tedK*^^^^^^^^^ 

20 apparatus axe nscd in tte'practice of it 

A primary problem in using an electrolytic process to produce clean water is 
agenetanyhi^ cost of treatment lie dhect cost of deetxkay is a agmficaot pait 
of the overall cost The amount of electricity used i* electrolytic processing is 
variable according to many tacto* m the design of an electrolytic reaction chamber. 
25 Design features that reduce electrical consumption are beneficial. 

Tte cost cfmanuahmig election Electrodes 
are consumed by toe electrolytic reaction, bat their consumption is basic to the 
cne*^ of the reactions is e*^ 

a function of reaction conditions. However, elecuodea also en be fouled or aboft- 
™red by deposit of reaction products. A foukd electrode becomes prematurely 
inefficient and can add to tbe amount of electriciry ^sumed. Alscv il wfll . wear 
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which adds to maintenance c«aatuJ.dcm7H^ chamber. Aieactioo. 

chamber that keeps its decrrodes dean during electrolytic processing is beneficial. 

A reaction dumber is designed to accommodate many aspects of die 
electrolytic process. Primarily, fl*. chamber must be effective' and efficient in its 
performance. Thus, such aspects as electrode composition, spacing^ and' surface area 
are considered. Sustainable spacing between electrodes is important, so that adjacent 
electrodes do not contact each other and thereby produce a snort crook, lie flow 
path tbroogh die electrodes is a significant factor, as the length of the path influences 
the speed with vhkh the reaction must be performed and, thus, intbaenecs the 
electrical requirements of the chamber. Ease of replacing electrodes is' significant, 
both in terms of maintenance cost and the down-time of a reaction chamber. These 
are only afeW of the considerations that mfinence design of reaction chamber, which 
is a complex process. 

Cme desirable configuration for a reaction chambers is known as the "filter 
press" design. Ekxxrode plates are mtedeaved with dielectric spacers and gaskets to 
form air electrode stack. The stack-is capped at.irs opposite ends by end plates, which 
are clamped togemer by suitable bolts or the like, • The bolts are tightened to damp 
the end plates, in mm squeezing together the elements in. me stack of electrodes, 
gaskets and spaced The impress design is desua^ 
plates is a unit that b t^VTmnrmsi^ tbeipacing between piateVis 
controlled. The end plates can be configtrred for connection to inlet and outlet 
conduits tor feeding and removing a process liquid, and the electrode plates can be 
sohably apemoed or otherwise configured ro define a flow path between the 
electrodes mine stack A filter press design lends itself to the use of electrode plates 
25 having a square or rectangular shape, which is easily fabricated and, Therefore, 
relatively low in cost 

United Slates Patent No. 1,541,947 to Bartmao et al (1922) shows an early 
attempt at constructing such a fiber press style reaction chamber. The electrodes ate 
rectangular plates. .AJaanate plates areapennred near opposite imower ends of the 
rectangle. Notably, two apermres are used at fire perforated end of each rectangle. 
These apertures are transversely oblong, such mat a considerable, percentage of tire 
perforated end is open for liquid flow from one processing chamber or zone to the 
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nCTL flow pa* front 

ed ^-^^ of ^rectai^ 

zone as (be ptoees Hqtridflows through fee series of procestAig zones. 

^^^frctober design*^ 
a toggle « not tnsfoou. Fluid in amain areas between ihe dectrodes will be 
stagnant, aDo^gpredpnaiK to foul nearby sarfa.es of the Strode*. United Stares 
Patent No. 4424.480 tn Stevenson disdoas tin, probJern a filter-pxess design that 
employ^edge^^flowover^gdafi^iaastect I* electrode plates are 
slotted across the foil width of abating nanow ends to etu*,n*ge Ae process 
Eouid to flowover the full width of each eleenbde plat* However, even passing 
through a full widA slot, the liquid suites along the edges of the plates, perhaps 
because of resistance induced hy contact with the gasket or spacer located at such 
edges. Thus, it appears likely dm longitudinal flow over a rectang^ plate bonded 
by a side waU wfll be nonuniform and wfll result in fooling of certain areas of the 

nTafwe 



f a filter-press design using an alternate flow 
pattern with square electrode plates forming square n^tment chambers. A first group 
ofclectrr^pl a ^^ ap ^ atlIjebcenfcr A second group of electrode plates 
^rel^velysn^i.^^^^^^^^^^^^ 

Penpheraj gap between each of Ae second 1^ plates and Ae srack gaskets In the 
second group, only theeomeis of the periphery ate engaged between the gaskets and 
sec^theseccndplatesintte^ Ine phues of Ae two groups** arranged in Ae 
stack xn alternating sequence. Thetesnhing flow paA is from the center of a platein 
the first gronp to the periphery of a plate in the group, and vice versa. 

However, it can be readily seen that such cen ^-^c-perifAery and periphe^ 
flow will be nctMnnfortn when 
of annate plates, the shortest flow path, and likely the one with leasx resistance, is 
between Ae center hole of one plate and Ae nAJpeint along any of Ae four edges of 
a juxtaposed plate. Fouhng.is hlndy along Ae relatively longer flow paAs near Ae 
-orders afl plat^ in tte sraek. with result^ uneven wear, poody predictable 
process control, higher electricity usage, short circuit,, and premature ph*e 
replacement or maintenance. 
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It is evident that ekeuJar plates would be no inore stressful in producing 
equallengd* adial flow paths. Fabricating and.assembling. a sack of circular plates 
is likely to be move expensive and wiE not' solve the problems of premature fouling, 
like ao^ pl^chc^ plates must be confined with portions that engage the- . 
stack gasket* and they most provide apertures or peripheral gaps that esmbbsh a 
sinuous flow path between plates. A cireular shape is fitffe bener than a square one 
inn^g^P^reo^urenjcnts. Uneven flow paths or stagnant areas are inevitable 
resulis. areolar plates are likely m behave anulaiiy w sojtaie jflates in sidfenng 
prematurely fouled areas. • ' 

• a 

It would be desirable to overcome the exi^ $ foniuig prebto » reacdoa 

| . ehambets of the filter-press design, particular, it would be desirable to have a 

j chamber design producing predKtaHe wear patterns in .which fooling is not a 

l ^bs^nnal issuo. S^a^^^^^^^^^' 

y wim sustained process efficiency over a predictable interval. Such a predictable 

■ 15 be detern^by calcul^ of tf* electrodes according 

f to the reaction parameter imposed^ 

} losS * cadency due to fooling. Maintenance or replacement 

\ operations can be oerfonued at scheduled intervals, allowing a high degree of 

I CODfi<tenCE ** process will remain effective and efficient 
'I 20 between such service, ' - '• ■ .-.<_.. 

| Further, it would be desirable to construct a* efecirocoagnlarion chamber in 

such a way d^ assembly «ld disassembty 

Thus, a chamber should allow streamlined insertion and removal of electrode plates 
| or blades, as well as of spacers. 

To achieve die foregoing and other objects and in accordance with the purpose 
of the present invention, as embodied and broadly described herein, the 
electrocoagulation chamber and method of this invention may comprise the following. 



ogexosmm of msmnsa* 

Against me described background, it is therefore a general object of me 
invention to provide an improved stnrcmre for an electrocoagulation chamber, 
allowing rapid and simple assembly or disassembly/such as for mmnt 
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AAtifianal objects, advantages and novel fcaunes of the invention shall be set 
f°^*P^ in tbe description^ 

skilled in the art upon enoMn of the fidlei^ormay be learned by the p«ic^ 
' of the invention. 

According to the invention, an elaarocoagnlauon reaction chamber is 
coostmaedof a snpponmgftaine providing a pair of laterally spaced, longimdinally 
extending, did^ for soppoiting « electiode ^ The snpporane frame 
carries first and second end plates. ^ electrode suck is located imetmediate&e end 
P^- ^.^Poneiitsoftfaesiacliindnfe 

the rails and provides a central spacer opening. Tbe stack also intfodes fim and 
second decrrode plaies thai ate sopported on The rails. Tbe first eleorode plate, is 
positioned between the fest end pkie and the spacer, and said second electrode plate 
is posrooi^ between fcesecoi^^ Ch* of the electrode plate* 

has a central electrode aperture, while tie other electrode plate has one . or more 
I^cralaj^rn^ Both of rfte electro 

opening™ the .spacer. A compression device selectively applies or releases a 
expressive force on the en^ 

An inlet ^applies process liquid into one end of tbe electrode *tack, while an oudct 
discharges nie process h^fiom the o^ . 

The accompanying erawiagi which ate htcorj»6rate4 in and form a part of the 
specific^ illustrate preWd embodiments of the present invendon..and together 
widi the description, serve to explain ti^rmnciples of d^mvenrion. me drawings: 

Bglgg DESCRIPTION ye jitr draw^ jcs 
Hgnre 1 is a scheniatic diagiaa of ^ 

Hgtwe 2 is top plan vfcw of a single electrode plate; showing the comer 
apertnr«m solid boro^a^ 

Hgjne 3 is a top plan view of a single gasket or spacer. 

Figure 4 is a side elevational view of an entire reaction chamber. 

Rgore 5 is a side elevational view of top and bottom pressure plates of a 
reaction chamber, showing compiesaan members joining the present* plates. 
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Rgme <> is a simplified exploded vie* <rf a pc^ of a reato chamber, 
shosyjng die alternating placemen! of electrode plates. 

Hgure 7 is a scfaxDatk view of the liqmd flow path through a abaction 

Kgure 8 is a schematic new of the liqmd a*, a ^^^^ 

chamber or zone wfihin a nicttm chamber. ^(^Ihefiwcon^ape^i,, ^ 
of the bordering electrode plates in dashed oofhne airi slKm^ the central aperane 
erf a second bontering electrode plate in solid outline. 

■Kgune 9 is a schematic side vie* of a modified embodiment of a reaction 
s • , 10 cbambec 

Hgum 10 is a schematic rop view of me reaction chamb^ 
Hgwe 11 is a side efcivational view of an end plate, showing an external side. 
Hgcre tfisasideetevadonal view of a *pacw «j didectric rails. 

Kgure ISis a aide elevations! view of an dectfomi plate wizh pedpboal 
apertee^ resting on dietec^ 
seal in the electrode stack. 

Kgnre.His aside devatkmai view of an elpctiode wi& a singfe cent^ 

ap&tart - ***** °" ***** the Native position of a jnxtaposed 

O-ring seal in the elecoode stack. 
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Ibe invention provides a non-fouling, self^eawng, sinnons flow, elect^lytic 
reaction chamber that is easily assembled, disassembled, and maintained. A reaction 
chamber having a fiber press stmcture i* smtable for establishing and n.aintaining a 
sD.dc of elecaxode plates mat define a of seqt^ u^at cl^becs or 

proceasmg zones. Tbt f&W pass sryle of leactioa chamber « suited use in a system 
^"^^oxo^ptoo^flm^ The nnn-fooliag 

chatact^tic of the zeacfion Chamber is adaeved by 
to c«m^ the process Eonid m a Idgh^ 

each zone. Tlws. in a sctemnhned flow path, me avafldJe serine* area of the 
ekctxodes is limited to the shape of a predictable or inown flow path cbaxac^ 
by a lack off stagnant areas. 
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The surface areas of the tetrode. can be conformed to the predictable „ 
known flow path by several methods. First and preferred, the electrode plate is 
srpplSed in a size exceeding die size of the known or predictable flow path, and those 
portions exceeding tbe flow pa* are.blocked. For example, tbe electrode plate may 
be generally square, which is not a desnhfe shape for a flow pad, ^a, iherefoie, 



20 



I 5 

! \ 25 



Tne i>ortions of the plate not a part oftliepredk^orlarown flow path are 
j blocked from contact ™tb d* process Ikprid- Such Hocking may be accompanied 

by supplying a gasket crirmto^poiB^uratfo 
10 lobeblocked. * * ^ is t^ in combmau^ 

plates, the spacer may be cat in die same sbai« as d« fias ket so that it wffl sapport 
tbe aasket against the plate. When a stack of electrode plates, gaskets and spacer* are 
compressed fo a filter press style reaction chamber, the' gaskets are snugly compressed 
against the plates, forming aUouidnght^eaL The lemammg. unlocked snrfaee a^ 
15 oftheeiecnx^are^coinacr widx n^ p^ fluid. Because the unblocked anas 
bound a known or predicred flow path, the unblocked areas are selfcleaned by the 
liquid flow. 

A second method of coiifbrming the surface area of the electrode to tbe 
predictable or known flow path is by pn»idiug tl* dectrod^ 
configure* of ^.ffc^pam:^ eialhp^ a flow path over a ptote wim'apenincs. 
lo-ted certain predetermined anx* wil, define a preden^mined shape. Tbe 
electrode plates in a reaction chamber employing soch a flow path can be cm in a 
m*tehing size and predetemuned shape, with supporting tabs or an additional edge 
portion at the periphery, as required to be engaged by gasfass. Tbe gaskets and 
spacers are shaped toeagage only the additional edge portions or supporting tabs of 
the specially shaped plates. 

Emphical testing-can o^tetinineAe shape of flow paths in a reaction chamber 
mmauy, a reaction chamber employing electrode plates of ^standard 5hape , ^ ^ 
a square, can be operated for a sufficient time to determine where fouling oecma. 
Such testing should be cemducted wifl, pte configured to define apertures in 
preselected location ^ Theflow 
paths appear on the plates as clean areas, while areas prone to stagnation or low flow 
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| OTpn *^k flow paths to . 

j_ ^^*N*dto block th^p^ 
path. 
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The invention provides a reaction chamber employing a flow paih having a 
panraca^gttepjoc^fh^ Thereaction 
chamber is of filter press construction, in which electrodes are arranged in A 
As ambled fe.ihe stac^ <^ dec^ 

contour that can be chosen for any desired charaaedsde. snch as a physical diape . 
su«d to W a teak-imwtf a 

or a shape ihar otherwise meets a recrement of a particular sanation. Pl^ of 
regular metrical g^nnetrip 

for sealing in a fito press chamber, easy handling, economy of nWacmre and 
rfuppinfr efficiency m orilkatian, and for forming p^dic^le^je^fiow pauis.. By 
way of example, ^ shapes include an eqnilatend triangle,, square, cnCk, cr. other 
regnlar geometric shape. Elongated variations of these such as an ellipse, 

oraL rectangle, or auirregntor ^ are fca de^e bm are useable beean« rie 
flow path oldrnarely will be determined by other factors, such as the. relative 
• positioning of apertures in juxtaposed plates, 
20 A gasket separates each electrode from a juxtaposed electrode ih the stack. 

Each gasket can be shaped at outer edge to match the ourer contour of the 
dectro(tejaaie- Optioi^.eachr^ 

or more gaskets, and a spacer of predetenrnned uuokness is interposed between two 
ofthegaskets. ^g^andsnacersarei^andam^ 

the same shape, such as rfcrnfiom ^ stock by rhe sarnecntnr^o^e. The gaskets . 

lie generally over the peripheral margin of each electrode plate and have an open 

center area, which defines the nncovered central areas of each juxtaposed pair of 

electrodes. The uncover area of the electrodes is the active area that contacxs 

process Bqu^ and participates m ^ 

ma^ered area between each, pair of efectiodes constitutes a separate treatment 
chamber or zone. 
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ga^ providing a coimeai^p^ Adjaoat plates may be 

opposite^ charged by a direct enrmut (DQ dearie* .b^W^^Wc.* 
tieaimettf chamber or, zone is defined by one positively charged plate and one 
negatively chained plate. 

Tteelectrodes.defiiw apertures alio wing process liquid co pass from one zone 
lOfte neaa-in Ae stack of elecutd&L Each end of <L clecnode stack is capped by 
^end piateAr pressareplaiB. The oppose p*^ plates are jcdned tegether by 
! . elongated bolts, threaded rods, or other means for drawing the pressure pi^ 

each other. Tie pressnre plaies <»mnie«. the electrode stack, primarily by. 
I ' eon^smg me #iskets to fbnn a leak proof seal against me plates and spacer The 

| 15 a reaction chamber. Tne pni^ pte provide inla and oudet firings. for 
! TI« apertnres m the plates 

5 3 P 388 ^ for P*«* finid to follow through the reaction chamber. ■ 

The apertures through die electrode plates establish a fW.patb. passmg 
f ... se ^^^Eb each of the tream.em chambers or zones establi^ between 

| tsdetetmir^bytheaperoHeposid^ 
jf electrode ^rfnn'y; 

V 

The plates in the stack consist of at least two groops, in wb icb each group is 
configured with a different apernne pattern from the other gro^. The plates of the 
group, or group one, each define a central and preferably circular aperture, 
located near the geometric center of 4e electtede plate. The plates of the second 
S««P. or group tw, each define a plurality of peripheral apertures, preferably circular 
or arcuate in $Juipe_ 

to a plate shaped v^h comes or distal iKunis. s^ as a or iriai^uiar 

PU^ «, efficient usage of electrode plate area suggests locating one of these 
peripheral apennres near each of die comets or points of the electrode plaie. Urns, 
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comer of the square^ 

In a chad* plate or other pl*"i^.«« « p^* ^ p,^^ 
' 3p ^^ 1 ^^^P^^e^ Preferably the p^pheml 

apertures ate equidistant from each other and from the ceater of the plate. ' 

*** Each n^nx chamber or zone is branded by one plate having a central 
apennre and or* plate having a phnaHry of peripheral aperture*. The flow path from 

of rbe zones tie du«rion of Squid flow is iron, the center ape^ c f a plate fro* 
M outwardly to the multiple peripheral apertures of a nexx 

sequential plate in.tbe start, which i* from group two. 

As the fhrid enters die next zone, the direction of flow reverses. The flow 

which « from g^p.^ Tins flow r^tf^^^^ 
•repeated ttroo £ h tie *ae* of electrode ^Vmfi*^^*^^ 

of dtrt^on* 

Plates ajd anproves reaction ^eed and efficiency. . 

^pec^tob^^^^ 
pta* C ^^.4epxoceasl^ 

These velocity changes farther contribute to 



block stagr^^o,^^^^^^^^^^^^^ 
I ^*^ SOT ^ TC ^«^tf*epexip^ 
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a P cmrcs: ^ P<**°^ of n* trou^ is equal m the number and 

positions of the peripheral apertures. ' 

The contour of cacfa trough portion the outermost edge of a pcnpheral 

aP^^toabot* one-half «hec^ Tte remaming half 
of ^*P^s*^«<mceisd*in^ 

center«f *e, ^ ^ fi^ w ^ ^ ^ p^j^ 

Ndghboring trough portions' of the undulated g asker edge are joined by a crest 
portion. • Between troughs, d* inn* edge oftne ga^et define' a convex edge or crest 
centered on the antral aperture of a group'one plate. The apex of the cohWedge 
t^ywfflbe^ln^^e^^^^^^ A suitable spacing can 
^^aESDtAbyibc^^^,^!^,,^ oi&ai the. crest will be separated 
irom the cenu*! aperture by two or more diatn^ of't^cen^ apenme. - - 

Whh reference to l of me dxawmgs, a system 10 for treating a process 
b*»d by ctetrocoagulafiou can enrptoy a ^^s^te reaction clubber fusing 

a surge t^ 14; a means lor supplying enseal enhancement addidves 16 ; aod an 
ozone generator or oxygen souree 18. Cmtbedowmmeams«fc«ftne chamber 12, the 
can provide a development tank 19. In addition the system « pow^ed from 
a DC poWcr supply 20 and chntWOad by ap^amnfed processor such a* a-ptogxam • 
logtcc<mT ro ller(PU5 2ZmaddMon.mes7^ 
"jnipraent such as valves (V) and pomps CP) as required- 

*> a representative system, surge tank 14 holds a umamum of five minutes. 
«PPly of process liquid, based «i the appJicabte flmv rate tlu^ sy^ The 
surge tank contains a sta^mfcerl* fox «^ ihar a^ chemical addMves W are 

bubbler 28 are located near the bottom of the rank. 

Chemical enhancement addkrves 16 commonly ate acid or caustic sotaion for 
altering the pH of the process liquid, A metering pomp 30 is controlled by a pH 
probe 32 m me stngc xa^fo, oteu^ 

P^Eotud. Other ad^ can be added by a 34 

I • me processor. 
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* * 
lie ozone generator or oxy^adliwe lg is osed to accelerate the oxidation 

OWto^.te oven* oxidative of me ^ 
«*sed m place of oxygen, the mm ofihe over* o*da«ion n^** h mended by - . 
3 feet* of about Hp^oxy^^^^^^^^^ 

**■ " * • 

Cttteogmfed of s^ele^dc W^ orpl^ 100 alternating b«wean group 
one and group two piaz^ 38. ^roup one pl^ 36 have * af^bm-40 

apeimres 42 disrobe wxtb one in each corner. Tbe area, of boles 40,42 ^ 
calcotaed to cause a pressor diSeremial soothe' velocity of tie process fiouid ' 
^^^tnib«lemfloWasi*p^ 

•He phi* separated by spae^ ^formed of a ch^ically inert material 

winch establish a corresponding gap between rl* electrodes. A wide variety of 
si^tfockne^canbep^^ 
^j^ooess hqoid. 

^ tm* 48 is Joca^^t^^fi Opiate tfl^fcr^ttw^ 

by t^^de edges xodefix^.tT.ar^ 
^'^W^faof.ad™^ 

prcdoce a liquid right seal *imom requiring a^ve. To a small degree, the gas*** 
influence the gap between deetrodes. Io addition.- gaskets can be choserr wb-a 
^decred thickness to ehange the electrieal charaeterisocsof me reaction chamber 
l^elecn^stackish^dmplaeebyopposm 
qpposne ends of mestacfc Thepl^ ax^ eqnipp^^ Hni ^ 54fwatla ^^ 
^onde.condnte to the chamber: Iter jWtt are ^together and emmaesaed 
•gainst the electrode stack by suitable cencpaaaion xoda max may include bolts, 
tb**ded rods, clocking fastener rods and tie Itte. A saoffot* common bote 
5€« W eoiu^^ p h^52artl« fi ^c^c rf m e smc t fc . addition, another 
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f 31 midpoint of each straight side of the stack. The periphery of each electrode 

\ . plate, gasket ^spacCT may 

j ■ • 1 _a$ao aid to the assembly of the electrode gacfc 

f s i Each electrode plate 100 curies an electrically conductive ear ofl for receiving 

j a IX:eIecBied connection 

of the electrode stack. A goazd or cover csn be placed over the reaction chamber 10 
prevent inadvenent contact with the ess or any other electrified portion of die 

j reaction chamber. As a safety measure, the guard may be equipped with an 

10 interlocking switch for shutting off power io the system when the guard is removed. 
The devdopment tank 19 receives neaied process Bo^d trader 

J ieaCti0n Charnber 12 ~ treated Ikprid resides in tank 19 while floe forms. A 

[' static mixer 64 in tank 19 exikmoes fioc development A polymer injection system 

66 can be used where polymers win in^ve the senJiiig jjroeess. 

1 15 T^elX: power snpply 20 raMvesalieo^gcan^ . 

j and transforms it to DC through a rectifier. The positive and negative sides of the DC 

I supply are selectively xonnecred to electrode bladesin the reaction chamber. The DC 

j snpply can switch or reverse polai% w the decn^des. Periodically reversing polarity 

' ' naninriaes any bmldup of oatides on the electrodes. • 

|. 20 0*aaU system control resides in the program log* controller 22. Controlled 

features include liquid flow rate, operation of pumps and valves, and^pphcation of 
i ' " po^cf to the reaction chamber electrode plates. 

In operation, the system 10 is smied to neat process liquids, which may 
\ ^^T^^^ttos^w^^pnK^v^ IWss liquid is pnmped&om 

j 25 asomxeffitothesar B etaiurl4ala 3 peeifW ^ 
surge tank provides flooded suction for a teed pump 68. It also receives chemical 
| additives 16 snch as acid OT caris^ 

| Ihc static mixer 24 blends the additives and the process liquid. Ozone or oxygen 18 

\ . are injected into the process liquid to enhance the normal rate of oxidation thar wffl 

j . 30 • take place in the reaction chamber 12. 

j • Optionally, polymers can be injected into the liquid in the surge tank to 

I impnxve the floe stmctnre ctf certain process streams. For example, -when dAAenmg 

I- • ' ' 

r • - - 
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astasia of a^^^fiwpe^ offtcnomripol^ 
resuKng solids frtra seventeen percent ro over twenty petcean. 

The process timid from the sur^e tank is pumped under pressure dirongb a 
opnnecdon to one or momreaok^cb^kss 12. Each reaction chamber contain? 
eleorode plates fanned of Selected metals to provide the oprimnra ions for the 
appropriate chemical mamnent of the process liquid. If multiple reaction chamber 
12 are connected to die surge tank, fcdrvidual ieacdoiidi^oeca«nl»piac^ online 
ot off-Sneliy suitable, valves «7l This allows, adjnstmem for varying flow nues and 
permits maintenance of m£vid»al.<*aa^ wmle processing continues in another 
chamber; The power supply 20. provides -DC cmxent to the electrodes; ufctfe the : 
electricity passes through the process fiqnid and causes chemical reactions teodiiig k> 
form imparities into precipitates and floes. • 

. The treated process liquid eats the reaction chamber and enters the 
development tank 19 while still mder jwww , A residence tin* in the development 
tautaDows ftoc » oe^^ 

ITOcess liquid, which often is clean water. Siaric mixer 64 in the development tank 
increases the rate of floe development and increases the efficiency of the polymer 
injection system 66. Liquid from The developm em tank can be pumped or gravity fed 
to a secondary separation system 69 ^ a clan^, fflier plater, or the Bee. 

20 clean rJie^ 

purses the chamber and men cleans it by puniping in acid or canstic solution that 
removes any build-up of contaminants on the electrode plau*. A secend system 72 
purges die chamber with water to remove contaminants. The chamber is allowed to 
remain fflled with clean water when it is idle. The water prevents oxidation on the 

25 electrodes. 

AceonUng u> one detailed embodiment of the reaction chamber, and with- 
reference to Kg. 2, a square electrode plate 100 has equal sides 30.5 cm (12 in). in 
length. An electrical cornwetion ear 60 extends from one of the sides at a position 
near one of the comers. The plate can be confuted as eifter a group one or group 
cwo plarn, aco«dmg ro the iminber^ A central 

aperture 40 k formed through each group one plate. Four comer apenuxs 42 ate 
f«ir^trirou^ each grc^ two plate, ^a^zpenxntt^ sp^f^^^s? 
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of the plate by 13 .5 mm (0^3 in). Each aperture 40,42 is 19 mm (0.75 in) in radius. 
Wife an eleettode plate 45.7 cm (18 in) per side, the. preferred apermre radios feU 
cm (1 m). la an electroplate 6 i ^ & per^ ftepwfenedaperterendius 
• - is 3.8 cm (L5 in), 
f 5 WfaiefeiaiajTOfi&^agaska^hasa 30.5 cm (12. in) 

j per side and is sized wfe<ivertbe electrode «dihedgw aligned. The inade 

| edge of me gasket is comouredin an undulating pattern. At a position over the comer 

aperture of The electrode, the gasket i$ shaped wife a trough or recess 102 having a . 
concave carve on a 19 mm (0.75 in) radios, the concave curve is located on the 
gasket to align with, the edge of a corner aperture 42 of a group two plate over 
appiOMmaiely the outermost one-half of the circular aperture In a gasket having 45.7 
cm (18 in) side edges, fee concave curve has a25 cm (1 in) radios; or with a g asket 
having 61 cm (24 in) side edges, the carve has a 3.8 cm (13 in) radius, or in each 
case conforming to the radn* of fee aperture in a mating electrode plate. 

The inner edge of the gasket forms a crest or convex curve 104 between 
concave curves 102. The apex or center point of the crea is 

the outer edge of .the gasket The end of the crest meeting the trough blends 
smoothly, hi a gasket having 45.7 cm (18 in) side edges. The apex of the crest, is 7.6 
cm (3 in) fiom the outer edge; ox wife a gasket having 61 cm (24 in) side edges, the 
20 apex of Ute ciest is 10 cm (4 in) from the outer edge. Gaskets typically' will be 3.2 
*j" nun (0.125 in) in thickness. 

]■ Spacers 46 are shaped identically to gaskets 48 but vary in thickness. Suitable 

j spaccr tfa «*nesses are.<U mm. 93 mm. 12.7 mm. 19 mm, and 25.4 mm (1.4 in. 3/8 

j . in. lO m, 3/4 m, and 1 xnX 

| 25 With reference to Rg. 4. the reaction chamber 12 is formed by a stack of 

j electrode plates arranged between pressure plates 52 on opposite ends; Each electrode 

\ isju^osedtoagaskerraeachofitsfa^ 

y. *e gaskets associated wife juxtaposed electrodes. In addition, an end' gasket 48 and 

| an end spacer 46 are interposed between each of the pressure plates and «ach end 

. j 30 electrode. Elongated compression members 56 jodh the pressure plates and allow them 

| to be drawn toward each other to compress fee gaskers. Wife refi^ce fo 

! assembled reaction chamber may include bobs or nglnening-rods 56 at each corner of 
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be located at one or ante locations interoipdiaie^the comas. 

With «fet«ice id fig. 6, the efectiode plates &• tte stac* ^ ainn^d with 

ea* in altenwang direct This eaWcoimection of one electrical pok, such as. the 
posmve pd*, to ev^y p^; ^ ^ te w ^ Tiec(iposite 

^^ M ^ MS ^^»«»^*angioup tw The pressure 

^ 52 r* 0 ** 1 « *** or.coon^ ^ 54 fox an into OT ondet*, 
the reaction chamber. .«•'./' 

Wi* reference to Hg. 7, d* flow'padi through the reaction cnamber 12' is 
^ ^''^thechamberita^ 
alternating efcen^es erf gronps. one and two. fa, whatever order is selected doting 
^bly of the chancer, ^B^^dflow ^ ioetta^^ai^ 

With refc^ * ^ fl« fl^ widdn each zone i, repraenred by ^ 
*™*106. ^flowfetnrt^emdne^^^^^^^ 
changes velocity fcqoently. For sample, in passing lisoogh dte f onr apenmes 42 
^^P^I^H^d^a^^ 

^cf^fotn-afae^ ^^c^flo^^,^^.^ 
J^^irocponeplan.tfaelignids^ 

— of the single The ficnidmnst flow t^ y ^^ n ^ 

P«taL Additional velocity changes xe^ as lic^d passes ^ Ae ^ 
pomonaofash^^to.witopo^ this onhutou flow 

improves the efficiency of the electrocoagulation process a»d helps to clean the 
.Wr™ 1o ^acconwlj - 



I precipitates or floe. 



^^^^ »*»^.*to* pte „ leBMiBj 



05/09/05 MON 12:10 FAX 2813395400 Ecolotron, Inc. ®020 

■ i ■ " ' " 
. f . 

s 



10 



15 



20 



25 



30 



■17- 



suppartsapair of spac^ apart, seoe^ dielectric rails 112. 

oro4er<fidectrfccov e ringn4atanco« B ct atW The rails 

• are well suited to support easily fabricated, senate decide plates 101 , W2, as shown 
in Hgs. 13 and 14. The plaies include laterally ending ears 116 That overlie the 
rails and Opiate on ^ ^ ^ In Edition, &e ears 116 seiv e as 

supportmg rail guides fcat aflcnv the plates to be ^ oa ^ ^ 

™ c ^ ^<^ n6mayhavea r^ 

for engage a ran and sliding on die rafl when pushed longirndinalry. 

1 12 and saw as the opposing end plate* for the intermediate electrode stack 109 of 
reaction chamber!/* A supporting ear or nil guide 116 emends from each lateral 
side of plates 118 in a smahle position for engaging the rails 112, One of the 
pressure plaies 1 18 is a stationary end plate Jocated ax one longitudinal end of-thc rails ■ 
112. such as the right hand end in the yzew of Hgs, 9 and 10. The stationary, plate 
118 is lodged against an end of frame 110, ^ch sni^ Ae siadonaiy plate agai^ 
movement A second pressure plate 118, at the left end of the reaction chamber h> 
the view of Kg*. 9 and 10, W be regarded as a moveable plate. Ihe second plate 
118 can be selectively pressed against ihe juxtaposed- end of the electrode slack, 
p»*bingtbe stack against the' smtio^ Wb^pibssure 
through the moveable plate is released, the electrode stack can be spi ead apart along 
the *a3», and any component can be Kfted from the dielectric rails, such as for 
maintenance or replacement. 

With reference to Kg. XI. the external face of pressure plate 118 is configured 
wallow a central force on me plate to seal ibe electrode stack. A force dissipating 
pad 120 at me center of plate 118 provides a thickened c<nttact area. A plurality of 
gussets 122 radiate from pad 120 and extend to the.periphery of the pla^ The plate 
may carry an iruet or outlet fiu^ 

fiom warping or defbnning when a central pressure is applied, on pad 120. 

A compression means or device selectively pushes the moveable plate 118 
against me electrode stack, sealing it against leakage and allowing pressurised 
opanmon. The conn^tession device also selecdvcjy releases the pressure U) allow 
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elects plate* WU02 to be removed for raairtfeuance or replacement 
compression device is a fhfid operated piston ^liad^of^bew^ancTOd^ 
pc^ and a retracted podded Api^ancerhydi^paw^cyKnder 124fa 
suitable. :n*cyKi^i24^b«^te 

118 on the left side of Ac filocuode stac* m me view <rf Efes. 9 and 10. The 
hvdrtmhe cylinder am wo* over a renge of extension, allowing the uumber of 
^^^h l ihc<ita^^ UiUys ^ Oi* end of cinder W may 
be connected TO die frame HQ, and the cylinder fa positioned for the opposite end to 
contact Ae nearer end plat* 118 when the cylinder fa extended. «> compress tte 



i r 10 electrode stack. 



.15 
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The electrode p]aies used in reaction chamber JOS provide turbulent flow of 
theprocessb^fiowi^Ujnmghaflw 

gro ° plWOpto - ^ ^ embodinent, tbe elecfrode plates inchute sopporting rafl 
guides 116 for canyagd* .electrode plates on tne tails .112. Eachpafa of electrode 
pla*s fa separated by a spacer dm ako includes rail guides 1 16. . fig. 12 shows a 
modified spacer 103 de^ a central spacer opening, preferably with * round- edge 
profile defining a circular opening of laedwermined diameter. The spacer may cany 
acompressatesealat cachfeoe. Thus, bom feces of the spacer 103 may define a 
naming groove that carries nn ^ U7 jmoaposed to mee4ge of me central 
opening. '^O^KA^tAf^tt^^ieaMn^fKMmSn^ The 
spacer fa formed of a dielectric material. The thickness of a apacer can be selected 
io estahlfab a desired spacing between blades. 

A single trcatmenrcfaamber may be regarded as mdnding a central spacer with 
h gre«p one pl^ on one fa« a»d a group two plaie on me opposite face. As shown 
ioKg-Ktbe group o^plaxc 101 defc^a^tr^ape^ 

is smaller tharr the central spacer opening. The diameter of aperture 40 preferably fa 
about rwemy percent or less of the dfamemr of the cental spacer opeida- - Pia* i0 l 
includes lateral mil guides 116 capable of supporting the plate 101 from rails 1 12. 
The olate aay include an electric^ 

power source 20. although one of the rail guides 116 may be adapted to serve this 
additional fimction. Preferably, me rail guide serv» g as a «mneedng ear fa provided 
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wi* an aoadtt^ ^ ^ ^ 
connecting lug and wire pigull UL' 
| A modified group two electrode plate 102 is used on the opposite side of the 

! naCet * As shcrwn in Bg. 13. the modified pfeue 102 has peripheriu apertnres 10*. 

j 5 pednhezal circular slot . Tl* **er edge of <hV arcuate 

| ******* ck>^ witinn.dje diamoer of the O-ring seal 126 so thai Ac dot is 

j juxtaposed to the central spacer opening. A minimal peripheral area of plan? 

102 is exposed ta process liquid outside the position of dot 104 to abate fouling. The 
slc*l(H is discerning 

example,'** central, disk-shaped porfou maybe connected to the peripheral' poraon 
of the plate at one or more cc*necting areas. The connections should be as narrow 
as practical, with the typical ate of such a-connecrion being about fifteen degrees. 
Urns, if fow cotuweung anas arc used, as shown m Ehj. 13, me dot 104 will extend 
over about three hundred degrees, ^ . the connecting areas will extend over aboux 
six^degrees. The ckcuode plate 102 includes a connecting ear or lug anachment 
point 126 as previously described. 

the cumulative area of apertures 104 is- smaller than the size of the central 
spacer opening but larger than size of the opening 40 in plate 101. For example, the 
height or radial drmension of the aeoate slot c«> be al>o« 13 
ai&^'tfaBow*,*^ PrbeessTiqui^ 
mamtaitred m.tarbulcnt flow along the flow path passing through the differently sized 
openings 40 and 104. The turbnkmce is er^ouruged by. the non-linear flow pa* and 
by differing areas of the apertures in juxtaposed plates. 

Electrical power is easily applied or removed from the plates of the reaction 
chamber 108. In one desiaMc arrangement, plates 101 may be arranged on dielectric 
rails 112 with the cormecting points 126 all on one -side of the chamber, while plates 
102 are arranged with point 126 on me opposite side of the chamber.- Positive 
onuiecfons may be applied to one side, whfle negaiive connections are applied to the 
Other. Lngs and wire pigtails 128 may cany waterproof twist pings, often refemrf to 
as CAM connectors,, that allow rapid connection o* disconnection of each plate from 
the DC power supply 20- 



20 



25 



50 



05/09/05 MON 12:12 FAX 2813395400 Ecolotron, Inc. 

\ 

' I' 

r • -20- . • 

. • • • anttedie^^^to^fteop^^^^ Tjp Scan yiSjBWis 

{,,.,5 imposed to each expiate. A series of reaction zones is established, sarring at one 

j end, by adcfiag a ptoe selected iro* one of the two gronps, foflowed by another 

1 ^cer. followed by a plate fro* the orber ^ The co^ecnng poim, 126 of tbe 

| . ■ two groups of rdares shonl d be j,^^ ^ a ^ f ^ ^ p] ^ 

! ^^^^^^Pecti^rifite^fcft Tl^^aeoce is xepeared as desired 

| 10 ^^-anablelea£,h rf ^ 
j opposite end plate. 

, j Wl**d«bydr^cyli^ 

J pl*es and spacers move «,g«her by shding on the***. The stack is. ^aiigning. 

|,.15 liquid to be pmnped into or out of the chamber. Hecmcity b^ connect ,o ti^ 
ph** *ia the pigta* eite before or after the „ corapn^N^^ 
j P-t— of electneal co^, are possible. For. cxa^pK po^ be applied to 

fb^taod last blades, or the electrode stack can be subdivided into martiple chambers, 
^d^ofwhatcotmect^sc^ 

. d-*U electrical varin* is ' oxtail of the flow path and protected by the 
| P^sstrnzednatmeofttecbaml^rro^ A protective cover- is 

j 1 approver the electrode sia*. ending at least as low « tne ^.guides. Tbe 

i hamCSS * honscd *°« *• ejections of the blades so that it can 

j remain dry even when the electrode stack is opened: 

\ 25 flow of process bqn.d through the reaction chamber wffl follow^ flow 

J Inland cnuletfittings . 

54 are provided ihroogh the end plates 11«. Ibe ferbg 54 serving as Oie inlet may 
! COmWl * **** tobe - to ^ - the process lfcprid. Tbi, 

\ m * by ^ path an4 changing velocities by 

j 30 ■ off-positions and varying^ 

| Operdngo^electrt^ stack for <de^ T*e hydraulic 



20 
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to datuapatt process Bjnid. ... . 

.T^" ^ ^ °<""*°* »» — »• modified ^ 

by die claims that follow. 



MON 12:12 FAX 2813395400 Ecolotron, Inc. 



-22- 



CLiUMS 

L ckctt °«^g«Iati Q n reaction chamber for the electrolytic tKatment 

extending, dadecttie iaik for anmarting » cleciiode stack; 
» 

an electrode stack that is jo^^ ^ Md ^ defiijes ^ 

a . dielectric spaor mat is supported on said nub and winch 
defies a central ^p^ opaias to^apgnioDOf iheflowpab;. 

first and second electrode plates thai ait snpported on 
^^ w ^^dflm electrode^ 
the fcst end plafc and said spacer, and said second electrode , 
Plate is portioned between the second end plate and the spacer; . ' 
and 

wnerean one of said electrode plates defines a central electrode 
8penare " POsKioned centrally «0a£rve to the central spacer 
opening andfdiins a portion of the flow path; and the other oT the 
dectrode plates defines a peripheral electrode apertme that is 

a portion of a flow path; 
* oppression means for select^ applymg OT releasing a ^^^^ 
25 on the end plates for selectively applying contp^a w said electrode ^ ^ 
releasing compression from the electrode stack; 

an Met means for sopplying process liquid into a flat end of tte flow path- 

and 

an oudet mean, for discharging process liqniO from a second ewTof the flow 

30 patfa. 

Z'Tbeetoctiocoagt^onctamte l.fbrther^mprisingameansfar 
sttpportmg said Smt end phut onsaid xaHs for sHding movemen,. 



.15 

and 

20 ■ - - 
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3 " ^ d< * W ^^ 
^ against said efccaode.soct 

against movement away fion, ^ efa^^ 

5. ^«*ctroeoagulat^ 

»*^<»^^*an^ 

with respect to The rant ■ - . ' 

6- The elecnocoagularion chWof Claim 1. wherein said electrode pla** 
^ported on sdd rail* by the pfctes to slide longitudinal 
wuh respect to die ails. 

7- ™e deemwongntata, chamber of Claim 1, therein ^ 
electrode wore fa juxt.posed to an edge of said central spacer opening 

*" ^ ekctroeoagolauon chamber of Claim 7, wherein said edge of .he 
cental spacer opening is concave to said pethphetal electrode apettute: 

9. TT* elecnxcoasulznon chamber, of Claim 1, wherein said peripheral 
electrode apermre i$ arcuate. ^ ^ 

• 10. The eiectrocoagulation chamber cf Chum- 9, wherein said peripheral 
electrode ape^ ft „^ 

The electrooo^nladon chmnber of Oaim 9- fmnber comprising 

second electrode phaes for forming a ptessunzable electrode stack when Jongircdiaal 
compttesive force is appbed to said first and second end plates. 

■^2. The elecu^gob^n chamber of Claim 1; wherein said peripheral • 
electrode apennxc smaller in area than said c^nal spacer opening. 

13- He ekctrocoagulation ehataber of <^ 1. iimher coinpriatng: 
« electrical.com.ecti^ 

awai *P^selec^ 
to said connection ear; and 

ft 13C power source connected at one pole to said waterproof wire connector 

14- Ihe electroeoagtdation chamber of Claim 1, fbnfcerxxnnprfcmg: 
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extending kxseraBy; and 
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the second dectrode plates • W< ^ ^ 
extending to a second. ^ rf ^ e]fiarode stjK± _ , 

Tie ehxtreco^gotoita chamber of. Oaim 1, fisher comprising; 
^ tnycanfedby said fr^ betow the ekctrodc stack A#^lcW- 

T i y WhCD ^ ^ .-"Mf -up^ force 

on the electrode stack. 

16. Tie *x*ooo*g^ ch^bcr ofClaim'l, compression 

17- A eJectrocoagulatioB paction chamber for me dec tro lytic. J%aiment of 
a stream of process liquid, comprising: 

~»»4»g. •fc*Sh^. B(|flil(< : -B-We ^ ' 

electrode siacfc; * ™* 

one of Tat fCnd aB * 4 * ^ ~«*^ 
one of said end pfcues is slidably supported on said -mis; 



25 ITT ^^^^^^^^^ 

*** therethrough for process hgmd. deluding: 

3 dielectric spacer supported on ssii 'tails and- providing' a. 

r^ e ^^ B< ^ a ^ rfa ^^^P^e« 
liquid; 

30 ^ and «^ electrode plaieSETipDC^ on ... 

^be^said^ele^depiateispo^it^ 
end plate and said spacer, and said second electrode plate fa 
Phoned between said second end plate end the spacer; and 
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open** and of smaller fee that the chcukr spacer opening; and the 
<*ter of the fim and second electrode plates defines a plurality of 
l**^ electrode apanuR* fc-it , ^ rf l ^ ^ fa 
P™*** Bjnid, positioned peripherally relative w ^ 
opening, and cumtf*h*ly <xf smaller ^ 



*xxns selective* applying and itfeasing a longitudinal compn^ W <o 
^^and^d^dpi^fo,^^^^^^^^^^ 
releasing compression on fte electrode -slack; 

.n inlet *«„ ^ ^ ^ a ^ ]oQgMna| ^ of 

the flow paih; and 

end of die flow path. . . 

HL A method of assetnbfiag » elecfrocoagularion chamber comprising: 
^o'ttoonil, di«l«^ jails- ^. s^^my 

^buildi^andectrode^ 
"^-^^-■^^^^^^ 
P^n^end plate atea* end of the elects stad, wberdn said electrode 

longitudinally sKdahle thereon; 

^ ^T!" — the elecaode stack to «al the junction bexween each 
electrode plate and spacer. 
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Ifefafffc raib. ai2J.»ppoct an el**** *ac* (109) «h*i is comp**** 

103) fo^g * ^.^cer ^ (loU 

that each have a different canfijiWtiAn' *f ' • 

th, pair has a central qw^^^ ^ ckctrode ^ (10 2) of ^pai W 

***** A Conxion **** snch as , hydrate cyBnder (124) 
«tn pre ^^^^^^^^ u>foma ^^ girt 

«*n«ved from The ^ for n^acooehc or n.^ance. mendy by Bfnng it off ^ 

r^A^e^po^c^.b.^ 

(Ho* **k* may be a one of the ml guides X116). 
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Electrocoagulation Reaction Chamber and Method 

TECHNICAL FTELft 

The invention generally relates elements used in electrical and wave energy 
chemistry. More specifically, the mvention relates 10 dectrolytic apparatus composed of 
clecnodes with an efceaode supporting means consisting of a dielectric gasket or spacer. 
In a further aspect, the invention relates to an electrolytic apparatus and method that 
employ parallel pjaic electrodes to form plural separate treatment chambers or scones, with 
a feeding or withdrawing means providing a flow of liquid to be treated to the cells. 



BACKGROUND ART 

The practice of electrolysis upon aqueous solution results in production of water and 
an agglomerate. The latter can be separated from the water to produce a clean water. This 
[ process and its chemistry arc well known, and many types of apparatus are used in the 

I practice of it 

20 A primary problem in using an electrolytic process to produce clean water is a 

generally high cost of treatment The direct cost of electricity is a significant part of the 
overall cost The amount of electricity used in electrolytic processing is variable according 
to many factors in the design of an electrolytic reaction chamber. Design features that 
reduce electrical consumption are beneficial. 

The cost of maintaining electrodes is another part of overall cost Electrodes are 
consumed by the electrolytic reaction, but ihcir consumption is basic to the chemistry of 
the leactic-n and is expected to occur over a predetermined time mat is a function of 
reaction conditions. However, electrodes also can be fouled or short-circuited by deposit 
of reaction products. A fouled electrode becomes prematurely inefficient and can add to 
the «nounrof electricity consumed. Also, it will wear unevenly and will require premature 
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rcplacement or removal for cleaning, either of which adds to maintenance cose and down- 
time for the reaction chamber. A reaction chamber that keeps iis electrodes clean daring 
electrolytic processing is beneficial. 

A reaction chamber is designed 10 accommodate many aspects of the electrolytic 
5 process. Primarily , the chamber musi be effective and efficient in its performance- "Thus, 
such aspects as electrode composition, sparing, and surface area arc considered. 
Sustainable spacing between electrodes is important, so that adjacent electrodes do not 
contact each other and thereby produce a short eircoit The flow path through the 
electrodes is a significant factor, as die length of the path influences Che speed with which 
10 the reaction most be performed and, duos, influences the electrical requirements of the 
chamber. Ease of replacing electrodes is significant both in terras of maintenance cost and 
the down-time of a reaction chamber. These are only a few of the considerations that 

j influence design of reaction chamber^ which is a complex process. 

v 

; One desirable configuration for a reaction chambers is known as the "BJier press" 

\ 15 design. Electrode plates arc interleaved with dielectric spacers and gaskets to fonn an 

electrode stack. Th e stack is capped at its opposite ends by end plates, which are clamped 
\ together hy suitable bolts or the like - The bolts are tightened to damp the end plaies . in 

; turn squeezing together the elements in the stack of electrode^ gaskets and spacers. The 

j Clier press design is desirable because the stack of electrode plates is a nnir that is easy to 

? 20 handle. Funhcr, the spacing between plates is well conttoUed. The end plaies can be 
I configured for connection to inlet and outlet conduits for feeding and removing a process 

'[. liquids and the eJecirode plates can be suitably apertnred or otherwise configured to define 

a flow path between the electrodes in the stack. A J 



of clecwode plates having a square or reciangnlar snap** 



r 

V 



25 therefore, relatively low in cost. 

Cnired Suues Rum No. 1#IS* » Hartnm et al (1922) shows an early attempt 
* constructing such a liter pres. style reaction chamber. The electrodes are rectangular 
pi**. Alternate plate* - *pcrrereu near opposite narrower ends of the recranglo. 
Notably, two apertures are used * the P^ced end of **ch rectangle- These azures 
30 arc uansverccly oblong, such that a considerable percentage of U* perforated end is open 
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for liquid flow from one processing chamber or zone to the nexL Thus, the stack the 
electrodes defines a sinuous, longitudinal flow path from edge-to-edge of the rectangle, 
with ihe direction or How revetting in each successive zone as the process liquid flows 
through the sedes of processing zones. 

Later advances in chamber design reveal that cdgi>to-edge sinuous flow across a 
rectangle is not uniform. Fluid in certain axcas between the electrodes will he stagnant 
allowing prrcipitates to foul nearby surfaces of the electrodes. United Stales P&tent No, 
4,12*,4$0 to Stevenson discloses this problem in a filter-press design thai employ* edge-to- 
edge flow over rectangular plates in a slack. The electrode ptotcs are sloued across the 
full widih of alternating narrow ends to encourage die process liquid to flow over the full 
width of each electrode plate However, even passing through a fuJl width slot* the liquid 
stagnates along the edge* of the plates, perhaps because of resistance induced by contact 
with the gasket or spacer located at such edges. Thus, it appears likely that longitudinal 
flow over a rectangular plate bounded by a side wall will be non-uniform and will result 
in f doling of certain areas of the plates. 

Tbe Stevenson parent also proposes a filtet'pTfcSs design using an alternate flow 
pattern with square electrode plates forming square treatment chambers, A first group of 
electrode plates ate apertured at their center. A second group of electrode plates are 
relatively smaller in sbae than the first, such thai they leave an almost continuous peripheral 
gap between each of the second group plates and the stack gaskets. In the second group, 
only ihe comers of the periphery are engaged between the gasket and secure die second 
plates in the stack. The plates of the two groups are ananged in the stack in alternating 
sequence- The resulting flow path is .from, die center of a plate in the Grsi group to the 
periphery of a plane in ihe second group, and vice versa. 

However* it can be readily seen that such crater-to-pcriphery and pcriphery-to-ccntcr 
flow win be non-uniform when square treatment chambers are used. In a stack of square 
plates, xhc shortest flow path, and likely the one with least resistance, is between the center 
hole of one plate and the midpoint along any of the four edges or a juxtaposed plate. 
Fouling k likely along the relatively longer flow paths near the corners of all plates in the 
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| stack, wiih resulting uneven wear, poorly predictable process control* higher ekemcity 

usage, short circuits, and premature plate replacement or mwcp^. 

It is evident thai circular plates would he no more successful in producing equal 
length radial flow paths. Fabricating and assembling u stack of circular plates is likely to 
5 be more expensive and will nor solve the problems of premature fouling. Like square 
pbjes, circular plates must be configured with portions thai engage ihe stack gaskets: and 
tfiey must provide apertures or peripheral gaps that establish a sinuous flow paih between 
plates. A circular shape is little better than a square one in meeting these rwo 
requirements. Uneven flow paths or stagnant, areas are inevftablc results. Circular plates 
10 are likely to behave similarly to square plains in suflEering prematurely fooled sxtts. 

It would be desirable to overcome ihe existing fouling problems in reaction 
chambers of the filter-press design. In particular, it would be desirable to have a chamber 
design producing predictable wear patterns in which fouling is not a substantial issue. Such 
a design would enable the reaction chamber to be operated with sustained process 
15 efficiency over a predictable interval. Such a predictable interval can be determined by 
calculating the consumption of the electrodes according to the reaction parameters Imposed 
upon the chamber, rafter than hy the unpredictable tunc between loss of efficiency due to 
fouling. Maintenance or replacement operations can be performed at scheduled intervals, 
allowing a high degree of confidence that the electrocoagulation process win remain 
20 effective and efficient between such service. 

To achieve dw foregoing and other objects and in accordance wiih ihe purpose of 
J *e pn^sent invention, as embodied and broadly described herein, the decuocoagulaiion 

\ chamber and method of this invention may comprise the following. 

X 

\ 25 DISCLOSURE OF INVENTION 

I The objects, advamages and novel feature* of the invention shall be set forth in 

part in die description that follows* and in pan wfll become apparent to those stifled in flic 
art upon examination of the following or may be learned by die practice of the invention* 
The object and the advantages of the invention may be realized and attained by means of 
30 the instrumentalities and in combinations particularly pointed out in the appended claims. 



< 
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f 

) The accompanying drawings, which arc incorpOfaaed in and fonn a part of the 

specification illustrate preferred embodiments of die present invention, and together with 

J the description, serve to explain the principles of (he indention, la the drawings: 

t 

i ■ 

I 5 ftPYEF PESqMFITON QE THE DRAWINGS 

\ Figure 1 is a schematic diagram of Ac overall electrocoagulation process* 

' Figure 2 is cop plan view of a single electrode plate, showing the corner apertures 
in solid border, and showing an alternative central aperture in dashes. 

I Figure 3 is a top plan view of a single gasket or spacer, 

> 

{- 10 Kgurtt 4 is a Aide dcvaiional view of an entire reaction chamber. 

i Figure 5 is a side elcvational view of top and bottom pressure plates of a reaction 

chamber, showing compression members joining the pressure plates. 
> Rgurv 6 is a simplified exploded view of a pardon of a reaction chamber, shewing 

\ the altexnatrng placement of electrode plaice 

\ 15 Figure 7 I* a schematic view of the liquid flow path through a reaction chamber- 

: Figure t is a sehemalie view of the liquid flow path through a single treatment 

i chamber of zone within a reaction chamber, showing the four comer apertures in one of 

the bordering electrode plares in dashed outline and shoeing the central aperture of a 

second bordering electrode plate in solid outline. 

I . 20 

j BEST MOPE FOR CARRYING OUT THE INVENTION 

The invention provides a non-fouling, self-cleaning, sinuous flow, electrolytic 

| ' reaction chamber. A reaction chamber having a filter press Structure is suitable for 

*. • 

| establishing and maintaining a stack of electrode plates thai define a plurality or sequential 

J 25 crcaxment chambers or processing zones. The filter press style of reaction chamber is $uii£d 

j use in a system for treating waier or odier process fluids by electtocoagulation. The non- 
fouling characteristic of the reaction chamber is achieved by creating streamlined flow 

j paths confining the process liquid to a highly predictable or known flow path through each 

[ zone. Thus, in a streamlined Clow path, the available surface area of the electrodes is 
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) Uctiited to the shape of a predictable or known flow paih characterised by a lack of stagnant 

I areas* 

5 The surface areas of the electrode can be conformed u> tfus predictable or known 

1 

\ flow path by several methods. First and preferred, the electrode pjaic is supplied in j. size 

5 ex c eeding the size of the known or predictable flow path, and those portions exceeding the 

f flow path arc blocked. For example, the electrode plate may be generally square, which 

\ is nor a. desirable shape for a flow path and. therefore, contains surplus area. 

The portions of the place not a part of the predictable or known flow path are 
blocked from contact with ihe process liquid. Such blocking may be accomplished by 

10 supplying a gasket cut into a configuration that lies over the portion of the plate to be 
blocked. If a spacer is used in combination with a gasket between juxtaposed phics, the 
spacer may be cut in the same shape as the gasket so that ii will support the gasket against 

» the plate. When a stack of electrode plates, gaskets and spacers are compressed in a filler 

I press style reaction chamber* the gaskets are snugly compressed against the plates, farming 

\ 15 a liquid tight seal. The remaining, unblocked surface areas of the electrodes arc in contact 

I with the process fltdd. Because the unblocked areas bound a known or predicted flow path, 

\ the unblocked areas arc scir-cleaned by the liquid flow. A second method of conforming 

\ die surface area of the cjecuode to the predictable or known flow path is by providing the 

; cleared* places in the size and configuration of the flow paih. For example, a flow path 

\ 20 over a plate with apertures located in certain predetermined areas will define a 

i predetermined shape. The electrode plate* in a reaction chamber employing such a flow 

i . path can be cut in a matching size and predetermined shape* with supporting tabs or an 

! additional edge portion at the periphery, as required to he engaged by gaskets. The gaskets 

|* and spacers are shaped to engage only the additional edge portions or supporting tabs or 

j * 25 the specially shaped plaas. 

i Empirical testing can determine the shape of flow paths in a reaction chamber, 

| Initially, a reaction chamber employing ckcirode plates of a srandaid shape such as a 

I square, can be operated for a sufficient Time to determine where fouling occurs. Such 

i' 

testing should be conducted with plates configured » define apertures in preselected 

I 30 locations and of size and spacing suited for process conditions. Hie flow paths appear on 
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the plates as dean areas, while areas prone id stagnation or low How cues will be cooed 

i 

[ with deposits* The resoles of empirical testing establish the known or predictable flow 

► ■ 

i paths for the reaction chamber. Thereafter, ihe gaskets and spacers can be shaped to block 

t 

; the plate areas not lying along the empirically determined flow path. 

* 

5 The invention provides a reaction chamber employing a. flow paih having a pattern 

| causing the process fluid to clean the exposed electrode sur&ccs. The reaction chamber 
is of filler prtss construction, in which electrodes are arranged in a stack. As assembled 

\ in the stack, each electrode has a native geometric shape or outer edge contour ihat can be 

i chosen for any desired characteristic, such as a physical shape suited to form a teat-proof 

} 10 stack, a shape that is coawnient to fabricate and handle, or a *hape that otherwise meets 

i 

I a requirement of a particular situation. Plates of regular symmetrical geometric shape 

J relative to a center point tend to be good choice* for sealing in a filter press chamber, easy 

handling, economy of manulacoire and shipping, efficiency in utilization, and for forming 
predictable, regular flow paths. By way of example, such shapes include an equilateral 
* 15 triangle, square, circle, or other regular geometric shape, Elongsicd variations of these 

> shapes, such as an ellipse, oval, rectangle, or an irregular shape are less desirable bui are 
useable because the flow path ultimately will be determined by other factors, such as the 

) relative positioning of apertures in juxtaposed plate. 

I A gasket separates each electrode from a juxtaposed electrode in the slack. Each 

\ 20 gasket can be shaped at its outer edge to match die outer contour of the electrode plate. 
| Optionally, each pair of juxtaposed electrodes axe separated by two or more gaskets, and 

I a spacer of predetermined thickness b interposed between two of the gaskets. The gasfeeis 

I . and spacers me planar and are of similar or substantially the same shape, such as if cut 

from sheet stock by the same cutting die. The gaslcets lie generally over the peripheral 
I 25 margin of each electrode plate and have an open center area, which defines the uncovered 
\ ' central areas of each juxtaposed pair of electrodes. The uncovered area of the electrodes 

i is the active area ihat contacts process liquid and participates in an electrolytic reaction 

j 

with the process liquid. The uncovered area between each pair of electrode* constitutes 
] a separate treatment chamber or zone. 

\ 

i 

V 
f 

I 

t 

1 
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A means for establishing an electrical connection to each electrode plate allow* each 
plaie to cany a polar charge. For example* a conductive lug may extend from one or more 
edges of each square place io beyond the outer edge of the gasket* providing a connection 
point for an electrical source. Adjacent plaies may be oppositely charged by a D.C. 

1 5 electrical source, with the result that cadi treatment chamber or ttne is defined by one 

i 

I positively charged plate and one negatively charged plaie- 

The electrodes define apertures allowing process liquid Co pass from one *one to the 

I nexL in the stack oT electrodes. Each end of the electrode stack is capped by an end plaie 

I or pressure plaxe. The opposite pressure plaies are joined together by elongated holts, 

I 10 ihrcadcd rods, or other means for drawing the pressure plates toward each other. The 
pressure plates compress the electrode stack, primarily by compressing the gaskets to fonn 

| a leak proof seal against the plates and spacers. The suck of electrode plaice gaskets, 

I spacers and joined pressure plates together defines a reaction chamber- The pressure pfcwcs 

1 provide inlet and outlet fittings for transmitting process liquid through die reaction 

I IS chamber: Tbc apertures in the plates provide a flow passage for the process fluid to follow 

] through xbc reaction chamber. 

] The apertures through the electrode plates establish a flow path passing s<*juentialty 

I through each of the treatment chambers or zones established between juxtaposed plaies in 

t the electrode stack. The flow pattern between sequential apertures is determined by the 

I 20 aperture positions and the configuration of die active or exposed electrode surfaces, 

I The plates in the Stack consist of at least two groups, in which each group is 

\ configured with a different aperture pattern from the other group. The plates of the first 

\ group, or group one, each define a central and preferably circular aperture, located near the 

I geometric center of the electrode plate. The plates of the second group, or group two, each 

| 25 define a plurality of peripheral apertures, preferably circular in shape, 

j In a plate shaped with corners or distal points, such as a square or triangular plate. 

an efficient usage of electrode plate area suggests locating one of these peripheral apertures 

| near each of the comers or points of the eleewxk plaie. 77ra* % in a square electrode plate, 

i tour peripheral apertures are used with one in or near each comer of the square. 
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Id a circular plate or other plale without eomers or points, the peripheral apertures 
arc located near the peripheral edge of tha plate. Preferably the peripheral aperture* arc 
equidistant from each other and from the ccnx&r of the placer. 

Plates of the lwo groups arc arranged in alternating sequence in the electrode sxact 
5 Each treatment chamber or zone is bounded by one plate having a central aperture and one 
plate having a plurality of peripheral apertures- The flow path from zone to zone passe* 
sequentially through the alternating hole patients, thus, in one of ihc zones fite direction 
of liquid flow is from die center aperture of a plate from group one. spreading outwardly 
to the multiple peripheral apertures of a next sequential piste in the stack- which is from 
10 group two. 

As the fluid eaters the next zone, the direction of How reverses. The flow partem 
\ converges inwardly toward the center of the next sequential plate in the stack, which is 

I from group one. This flow partem of diverging and converging shape is repeated through 

the stack of electrode platss. The flow pattern causes turbulent flow of the process liquid, 
15 which encourages self-cleaning of the electrodes. The reversal of directions contribute to 
| turbtolcm flow, which assists in cleaning the electrode plates mid improves reaction speed 

| and efficiency. 

i 

| The almost every situation, the area of the aperture in a group one plate is expected 

| to be unequal to the sum of flic areas of Lhe phml apertures in a group two plate 

I 20 Consequently, the process liquid will undergo changes in velocity as it caoves from one 

[ treatment chamber to the ncxL These velocity changes further contribute to turbulent How, 

l The configuration of the inner edges of the spacers and gaskets is designed ro block 
stagnant areas or areas of relatively low flow rate* such that the flow rate cannot sustain 

I a dean condition of lhe electrode surfaces. Empirical testing shows that the inner edge of 

1 

} 25 the gasket should have nn undulated shape, consisting of trough portions and crest portions, 

* 

\ The inner edge of the gasket defines a recess or concave trough at each of the peripheral 

apertures of a group two plate. The trough or recess is centered along the outside edge of 

I • one of lhe peripheral apertures. Thus, die number and positions of the troughs is equal to 

the number and positions of the peripheral apertures. 

A 

\ ■ 

I 

f • 

i 
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» The contour of each (rough portion tracks ib* outermost edge of a peripheral 

| apcctuie up to about one-half the rixeumfdraice of the aperture. The remaining half of an 

■j aperture's circumference is the inner most edge. This edge is open toward the center of 

\ the treatment chamber to allow process liquid to flow from rhe peripheral aperture of a 

? 5 group two plate toward the center aperture of a group one place. 

Neighboring trough portions of the undulated gasket edge axe joined by a crest 

portion. Between troughs, the inner edge of the gasket defines a convex edge or crest 
X centered on the central aperture of a group one plate* The apex of the convex edge 

typically will be spaced from the edge of the center aperture. A suitable spacing can be 
j 10 determined by the process of empirical testing, Often the crest will he separated from the 

I central aperture by two or more diameter* of the central aperture. 

j 

t With reference to Fig. 1 of the drawings, a system 10 for Hearing a process liquid 

i 

\ by electrocoagulation can employ a filter press style reaction chamber 12 using streamlined 

j! flow paths. On the upstream side of the chamber, the system can include a surge rank 14; 

3 IS a means for supplying chemical enhancement additives 16; and an ozone generator or 
■ oxygen source 18, On the downstream side of the chamber 12, dbc system can provide a 

development tank 19- In addition, the system is powered from a D,C porter supply 20 and 
controlled by a programmed processor such as a program logic controller (PLC) 22. In 
I addition, die system may include supplemental standard equipment such as valves (V) and 

( 20 pumps (P) as required. 

j In a representative system, surge lank 14 holds a minimum of five rninutcs supply 

i of process liquid, based on the applicable flow raic through the system- The surge unk 

i contains a static mixer 24 Cor ensuring that any chemical additive* 16 arc thoroughly mixed 

wiih the process liquid- An ozone difluser 26 or an oxygen micro-bubbler 28 arc located 
j 25 near the bottom or the tank. 

j Chemical enhancement additives 16 commonly are acid or caustic solution for 

| altering the pH of the process liquid. A metering pump 30 is controlled by a pH probe 32 

in die surge tank for blending the acid or caustic chemical additives into the process liquid. 

i 

1 Other additives can be added by a pump 34 controlled by a timer in the processor. 
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I . The ozone generator or oxygen source 18 is nsed to accelerate the oxidation- rate 

} of the electrolytic reaction. It also meats contaminants that may not be adequacy created 

j in the reaction chamber. Ii is sized according to die flow rate of the system. Oxygen 

) increases the overall oxidation raic of the clccuolytic process. When ozone is used in place 
5 of oxygen, the raie of die overall oxidation reaction is increased by a factor of about 

I thirteen. However; oxygen is kss expensive and adcqoacc for many application*- 

f 

} With general reference to the drawings, a reaction chamber 12 can be constructed 

i of square electrode plates alternating between group one plaies 36 and group two plate* 3S, 

i 

| The group one plates have an aperture 40 at the center, while the groop two plmcs have 

I '. io four apertures 42 distributed with one in each comer. The areas of the holes 40,42 arc 

| calculated to cause a pressure differential so thai the velocity of the process liquid varies 

I and causes turbulent flow as its josses between juxtaposed plates. 

\ The plaies are separated by spacers 46 formed of a chemically inert material such 

i a polyvinylchkrade. Hie spacers are selecied for their predetermined ihictaiess, which 

I 15 establishes a corresponding gap between the electrodes A wide variety of spacer thickness 

I can be preselected Co accommodate the electrical requirements of the process liquid 

i 

l A gasket 48 is located between each plate and spacer for scaling the treatment 

I chambers or zones 50 within the electrode stack. The gaskets and spacers are shaped by 

it 

their inside edges to define streamlined flow paths in each treatment chamber 50, Gasket 

i 20 material typically is of a durometer in the range from sixty to seventy to produce a Hqtrid 

j light seal wiihoui requiring adhesive. To a small degree, the gaskets influence the gap 

f between electrodes- In addition, ga&eis can be chosen with a preselected thickness to 

change ihe electrical characteristics of the reaction chamber, 

i , The electrode stack is held in place by upper and lower pressure plates 52. The 

I 25 plates are equipped with fittings 54 for attaching inlet and outlet conduits to Lhe eharaher. 

; T he plates 52 are held together and compressed aga in st the electrode stack by smg ble 

| compression rods that may include bohs, thread ed rods, cam-locking fastener rods and the 

> ? lite. A set of four compression bolts 56 may connect the plates 52 at die Tour comers of 

I the stack In addition, another compression means such as a cam-locking fastener 58 may 

i 30 interconnect the plates 52 ai the midpoint of each straight side of the stack. The periphery 
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\ of each electrode plate., gasket and spacer may be apertuicd to be threaded over the 

■j compression, cods as an aid to the assembly of the electrode stack. 

I E3ch electrode plaic carries a lug 60 for receiving a D.C eJectrical connection. The 

I lug* extend outside (he gaskets on the outer surface of ihc electrode stack. A guard or 

J 5 cover can be placed over xbc reaction chamber to prevent inadvertent contact with the lugs 
or any other electrified portion of the reaction chamber. As a safety measure, the guard 

\ may be equipped with an interlocking switch for shutting off power to 4c system when ihe 

■i 

guard is removed. 

The development tank 19 receives tressed process liquid under pressure from the 
\ 10 reaction chamber 12. Ihc treated liquid resides in tank 19 white floe forms* A static 
? mixer 64 in tank 19 enhances floe development. A polymer injection system 66 can be 

\ used where polymers will improve the seeding process. 

| The D.C power supply 20 receives A-C power from the grid and transforms it to 

j D.C through a rectifier- The positive and negative sides of the D.C. supply air sdUxrivcJy 

15 connected to electrode blades in the reaction chamber. The D.C supply can switch, or 
j reverse polarity to the electrodes Periodically reversing polarity minimises any buildup 

3 or oxides on the electrodes. 

i 

\ Overall system control resides in the program logic controller 22. Controlled 

features include liquid flow rate* operation of pumps and valves, and application of power 

• 20 to the reaction chamber electrode places. 

i In operation, the system 10 is suiicd to treat process liquids, which may Include 

) waste water, drinking water, or process water. Process liquid is pumped from a source 62 

? 

to the surge tank 14 at a specified number of gallons per minute. The surge tank provides 
j flooded suction for a feed pump 6$. a also receives chemical additives 16 such as acid 

j 25 or caustic solution to adjust the pH of the process liquid. The static mixer 24 blends the 

* additives and the pr&ccjw liquid. Ozone or oxygen IS are injected into the process liquid 
\ to enhance the normal rate of (Mdarion that will take place in the reaction chamber 12, 

Optionally, polymers can be injected into the liquid in the surge tank to improve 
\ the floe structure of certain process streams. For example* when thickening a stre am of 
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sewage sludge, five percent of the normal polymerias improved the resulting solids from 
seventeen percent to over twenty percent 
jj The process liquid from the surge tank i$ pumped under pressure through a 

i 

*' connection to one or more reaction chambers 1Z Each reaction chamber contains eleciroae 

'! • 

■ S plates formed of selected metals to provide the optimum ions for the appropriate chemical 

$ 

* treatment of the process liquid. If multiple reaction chambers 12 are connected co the surge 

I tank, individual reaction chambers can be placed on-line or off-line by suitable valves 67. 

j This allows adjustment for varying flow rates and percn ire maintenance of individual 

I chambers while processing continues in another chamber. The power supply 20 provides 

\ 10 DC current 10 the electrodes, where the electricity pasjec-t through the process liquid and 
causes chemical reactions tending to form impurities into precipitates and floes. 

\ . The treated process liquid is exits the reaction chamber and enters Ac development 

t 

I tank 19 while still under pressure. A residence rime in the development tank allows floe 

I 

\ to develop and be separated from the remaining portion of the trcared process liquid which 

15 often is clean water. Sialic mixer 64 in the development tank increases the rave of floe 

i 

development and increases the efficiency of the polymer injection system 66. Liquid firom 
the development tank can be pumped or gravity fed to a secondary separation system $9 

■ such as a cOarifier, filter press, filter, or the lite. 

\ Two systems clean the reaction chamber when it is inactive. Ore system 70 purges 

\ • 

I 20 the chamber and then cleans it by pumping in acid or caustic solution that removes any 

r. 

i build-up of contaminants on the electrode plates. A second system 72 purges the chamber 

i with water to remove contaminants. The chamber is allowed to remain filled with clean 

| water when it is idle. The water prevents oxidation on the electrodes. 

The following example provides a detailed description of a preferred embodiment 

] 25 of the reaction chamber. 

| EXAMPLE 

1 With reference to Fig. 2. a square electrode ptexc 1 00 has equal sides twelve inches 

.V 

i (30.5 cm) in length. An electrical connection tag 60 cxrends from one of the sides at a 

| position near one of the corners. The plate can be configured as either a group one or 

? 30 group two plate, according ro the number and position of apertures formed in it A central 

t ■ 

i 
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1 aperture 40 is formed through each group one plate. Four corner apertures 42 arc formed 

through each group two plate. The corner aperroes are spaced from the edge cf ihe plate 
\ by 0.55 inches. Each aperture 4042 is three-quartets inch (19 mm) in radius. With an 

■ electrode plate eighteen inches per side, the preferred aperture radius is one inch. In an 

5 electrode plaic twenty-four inches per side, the preferred aperture radius is one and one-half 
\ , inches. 

| With reference to Fig- 3, a gasket 48 has a square outer edge twelve inches per side 

and is sized to fit over the electrode plate wiUt edges aligned The inside edge of the 
■| gasket is contoured in an undulating pattern. At a position over the comer aperture of ihe 

t 10 elecirode, the gasket is shaped with a (rough or recess 102 having a concave curve on a. 
1 three-fourths inch radius. The concave curve is located on the gasket to align with lie 

i edge of a. comer aperture 42 of & group two plate over approximately the outermost one- 

f half of the circular aperture. In a gasket having eighteen inch side edges, the concave 

{ curve has a one inch radius: or with a gasket having twenty-four inch side edges, the curve 

j 15 has a one and one-half inch radi us* or in each ca5C conforming to the radius of the aperture 

< in a mating electrode plate. 

<■ . 

s 

i The inner edge of the casket forms a crest or convex curve 104 between concave 

i 

t curves 102. The apex or center point of ihe crest is spaced two inches from the outer edge 

t of Lhc gasket. The tad of the crest meeting the trough blends smoothly, in a gasket 

I 20 having eighteen inch side edges, the apex of the crest is throe inches from ihe outer edge; 

*, 

i or with a gasket having twenty-four inch side edges, the apex of the crest is four inches 

j from the outer edge. Gaskets typically will be one-eighth inch in thickness, 

t Spacers 46 zit shaped identically to gaskets 48 but vary in chideness- Suitable 

« 

■v . spacer thicknesses an* one^nancx v three-eighths, one-half. thneje>ronrths T and one inch. 

| 25 With reference 10 Hg- 4. the reaction chamber 12 is fanned by a stack of electrode 

plates arranged between lop and bottom pressure plates 52, Each electrode has a gasket 
on both its top and bottom face, and a spacer 46 is interposed between the gaskets 
associated with juxtaposed electrodes. In addition, an end gasket 48 and an end spacer 46 
are interposed between each of the pressure plaies and each end electrode. Bon gated 
30 compression members 56 join the pressure pluses and allow them to be dra* o toward each 
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other to compress die gaskets. With reference to fi£. 5, the assembled reaction chamber 
may include bolts or tightening rods 56 ar each corner of the pressure places Alternate 
compression members such as cam-locking rods 5? may be loaned at one or more 
locations intermediate the corners. 

Wiih reference to Kg- 6\ die electrode plates in ihe stack aie arranged with group 
one and group two plates in alternating positions, wiih ihc connecting lugs in alternating 
direction*. This eases connection of one electrical pole, such as the positive pole, to every 
other plate, such as all of the group one plates. The opposite pole, such as the negative 
pole, is connected to all group two plates. The pressure plates 52 arc provided with a 
fitting or connecting aperture 54 for an inlet or outlet to the reaction chamber. 

Wiih reference to pig. 7, the flow path through (he reaction chamber 12 is sinuous. 
Liquid entering the chamber through one end is directed sequentially through alternating 
electrodes of groups one and two. in whaicve* order is selected during assembly of the 
chamber. The liquid follows a flow path 106 that variously diverges and converges as its 
Traverses each treatment zone, as defined between two juxtaposed electrode plates. 

With reference to Figs: 8, the flow within each 2ooc is represented by the arrows 
106, This flow is turbulent due to the varying contour of the zone The liquid to change 
velocity frequently. For example* in passing through the four apertures 42 of a group two 
plaxe* the liquid sees an overall large passageway represented by the areas of the four 
apertures. The liquid can flow relatively slowly through such a targe portaL However, 
when subsequently passing through the single aperture 40 of the juxtaposed group one 
plate, the liquid sees a relatively small portal presented by the area of The single aperture. 
The liquid must flow relatively faster through the smaller portal. Additional velocity 
changes result as the liquid passes from the narrow portions of a single zone to a wider 
portion, or vice versa. This turbulent flow improves the efficiency of iha 
electrocoagulation process and helps to clean the electrode surfaces of accumulated 
preci pitate s cr floe 

The foregoing is considered as illustrative only of the principles of the invention. 
Further, since numerous modifications and changes will readily occur to those skilled in 
the art, it is not desired to limit the invention to the exact construction and operation shown 
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and described, and accordingly all suitable modifications and equivalents may be regarded 
as falling within The scope of the invention as defined by the claims thai follow. 
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TITLE OF INVENTION: ELBCTROC0AGUIJ4.T1ON REACTION CHAMBER 
AND METHOD 

■ CROSS-KEEERENCE TO RELATED APPLICATIONS: Applicant claim s the benefit 
; ; 5 of U.S. Provisional Pajeni Apphcation Serial No. 6Q3292S9 filed October 12, 2001. 

\ TECHNICAL FLELP 



| The invention generally relates elements osed in electrical and wave energy 

| chemistry. More specifically, die invention rriatesro electrolytic, apparatus composed 

j 10 * efectnxfes^ ancfec^ 

j spacer, m a further aspect, the xnventtan relates to an electrolytic apparatus and 

f method that employ parallel plate electrodes u> form plural separate treatment 

I ' chambeis or zones, wim a feeding or withdrawing means providing a flow of liquid 
to be treated to the cells. 

r is 

{ • 

j BACKGROUND ApT 

\ The practice of electrolysis upon aqueous .sctation results in prodoction of 

! wer and an agglomerate. The latter can be separated from the water m produce a 

\ clcan waKt P*°«« and its chenristty ate wen known, and many types of 
20 apparatus are used in tfae'practice of it. 

f ' A primary problem in using an electrolytic process to produce cJean water is 

ager^y hi^costaftreatoent mdijecteostofelearkiiy^^ 
! of the overaU cose The amount of electricity used in electrolytic processing is 

j variable according to many factors in the design of an ekctrolytic reaction chamber. 

| 25 Design features that reduce electrical consumption are beneficial. 

The cost of rnaintahring elecrxodes.is another part of overaU cosL Electrodes 
are consumed by the electrolytic reaction, but their cxuisumprion is basic to the 
chemistry of the reacrion and is expected to occur over a predeiertnirted time that is 
a function of reaction conditions, However, electrodes also can bo fouled or sboft- 
circuiied by deposit of reactica prodnctt. A fouled electrode becomes prematurely 
^efficient and can add to the amount of electricity c*ninirr*xL Also, ii will wear 
nnevenly and will require premature replacement or removal fat cleaning, either of 
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which sdds to maintenance cost ^dvwih#a& for die reaction chamber Areaction 
chamber that tegs its ekcuodss dean doting electrolytic processing is beneficiaL 

A reaction chamber is designed to accomioodatc many aspects of the 
electrolytic process. Primarily, ^chamber must be efesctive arid efficient in iti 
performance. Thus, such aspects as electrode carnposdtion. pacing, sod surface axea 
are canii^crpd- Sas n d qa Me spa rin g between electrode is important, so thar adjacent 
electrodes do not contact each other and thereby produce a short chcaiL Hie fkw 
pani through the electrodes is a significant factor, as the length of the path influences 
the speed, with which the reaction rfrost he performed and, thus, influences the 
electrical requiieincots of the chamber. Ease of replacing electrodes is signfficaht, 
both in teems of maintenance cosr and the down-time of a reaction chamber. These 
are only a few of the consideration* that influence design of reaction chamber which 
is a complex process. 

One desirable configuration far a reaceon chambers is known as the "filter 
15 press" -design. Electrode plants are interieaved uith dielectric spacers and gaskets to 
form an electrode stadL. The stadHs capped at its opposite ends by end plates^ which 
are clamped rogeuier by soitable boto or the Ute, The bolts are tightened to damp 
the end plates, in mm squeezing together the dements in. the stacfc of electrodes, 
gaskets and spacei The ftoerpreCT design 
20 plaies is a unit that is easy'tff'BSndKL"- FurSfe; t5e' ip&cing between pl^^isttfeTt 
controlled. Tbe end plates can be configured for connection to inlet and outlet 
conduits for feeding and removing a process liquid* and the electrode places can be 
suiiably apertured or otherwise configured to define a flow path between the 
electrodes in die stack, A filter press design lends ixself 10 the use of electrode planes 
25 having a square or rectangular shape, which is easily fabricated and, therefore, 
relatively law in cose 

United States Patent No. 1,541,947 to Bartman et al (1922) shows an early 
attempt at constructing such a Hirer piess style reaction chamber. The electrodes aie 
rectangular plates. Alternate places axfe apertured near opposite namwer ends of the 
rectangle. Notably, two apennres are used at the perforated end of each rectangle. 
These apertures ate transversely oblong, such thai a considerable percentage of the 
perforated end is open for liquid flow from one processing chamber or zone to the 
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nexL Urns, He stack of electrodes defines a sinuous, fengfadtDal flow pa* fioni 
edge-«-edge of tbe rectangle, with He dtactlon of flow icwe^g m e^sae«ss^ 
zone as the process liquid flows through fee series of processing 2ones, 

Later advances in dumber design reveal that edge-to<dg©sinoou*aow across, 
a rectangle is not uniform. Fluid in certain areas between the electrodes will be 
stagnant, allowing precipitates to fool nearby surfaces of the ekcttodes. United States 
Patent No. 4,124,480 to Stevenson discloses tidy problem in a fflter-pressdesigo dm 
employs edge-to-edge flow over rectangular plates in a stack. The electrode plates ate 
slotted across the foil width of alternating narrow ends to encourage the process 
Equid to flow over the fon width of each electrode plan* However, even passing 
through a full width dot, the hquid stagnates along the edges of die plates, perhaps 
because of resistance induced by contact with the gasket or spacer located at such 
edges. Thus, it appears likely ihar longitudinal flow over a rectangular plate bounded: 
by a side wall wffl be npn-amfonn and will result in fooling of certain areas .of the 
IS plates., 

The Stevenson patent also proposes a filter-press design using an alternate' flow 
pattern with square electrode plates forming square treatment-chambers. A first group 
of electrode plates are apeitoted at th^ 
■ are relatively smaller msi^ 
20 peripheral gap between each of the second group plates and ihe stack gaskets. In the 
second group, only the comets of the periphery are engaged between the gaskets and 
secure the second plates m the stack. The plates of the two groups are arranged in the 
staefcm alternating sequence. The resulting flow pant is from the center of a plate in 
the first group to the periphery of a plate in the second group, and vice versa. 

However, ft ean be readily seen that soch center-to-periphery and peripbery-to- 
center flow wffl be non-uniform when square treatment chambers are used. In a stack 
of square plates, the shortest flow path, and likely the one with least resistance, is 
between the center hole of one plate and the midpoint along any of the four edges of 
a juxtaposed plate. Fooungis likely along the relatively longer flow paths near the 
comers of all plates in tbe stack, with resulting uneven wear; poorly predictable 
process control, higher electricity usage, short atari*, and premature plate 
replacement or maintena nce. 
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It is evident that ekxuhsr plates Wordd be no more jmccessful in producing 
equalled radial flow paths. Fabricating and.asseinbling. a stack of circular plates 
is Efcely to be more expensive and will not solve the problems of premature fotumg. 
Like sotaic phaes. cttcnlar pJaie* must be configured with pactions that engage the 
stack gaskets; and they' must provide apertures or peripheral gaps tnat establish a 
sinuous flow pam between plates. A areolar shape is fitfle better than a square one 
inroceringthesewoieojarcmeats. UneVer, flow paths or stagnam areas are inevitable 
results- Cfrcular pla*» aie likely to behave rixnflady ro square plate* in suffering 
prematoreiy footed areas. . • ' 

It would be desirable to overcome the existing foaling problems in reaction 
chamber of the fflte^press design. Id particular, it would be desirable to nave a 
chamber design producing predictable wear patterns in .which fooling is not a 
substantial issue Such a design would enable the reaction chamber to be operated 
with sustained process efficiency over a predictable interval. Such a predictable 
interval can be determined by calculating the consumption of the electrodes according 
to the reaction parametral 

time between loss of efficiency due to fouling. Maintenance or replacement 
operations can be performed at scheduled intervals, allowing a high degree of 
omSdence that me electrocoagulation process will remain effective and efficient 
20 between such service, r * • - - , . 

Former, it would be desirable to construct an electrocoagulation chamber in 
such a way that assembly and disassembly required very tiule rime or technical skill 
Tims, a chamber should allow smeamlmed insertion and removal of electrode plates 
or blades, as well as of spacers. 
25 To achieve me foregoing and other objects and in accordance with the purpose 

of the present invention, as embodied and broadly described herein, rhe 
electrocoagulation chamber and method of this invention may comprise the following. 



PECLOSTm E OF INVENTffrtltf 
| 30 Against me described bad^roond, it is therefore a general object of the 

J invention to provide an improved structnre for an elecuwoagrnation chamber, 

\ aDouing rapid and simj^ assembly or orsassembry, such as for maintenaocc. 
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Additional objects, advantages and novel fearanss of the invention shall be set 
forth in pan in the description ^fmaw&.^^^M^bGc^appmttoA^ 
skilled in the ^ upon oraminaiicairf 
of the invemjon. 

According to the invention, an eleorocoagolation reaction chamber is 
ccaostracted of a sopnonmg frame providing a pair of laterally spaced, loogtmdinally 
exn^g,didectnc^ te^oidng an etorode aact The supporting frame 
. canies first and second end plates. An electrode stack is located intennediate the end 
plate*. Tbe components of the asdi indnde a did<^ spacer that is srmported on 
Gratis and provides a central spacer opening. The stack also indodes first and 
second electrode plates Oat ate snpoorted on tte rails. The first electrode plate, is 
positioned between the first end plate and the spacer, and said second electrode plate 
is positioned be^ the seco^ OneoftheelectrodepIa.es 
has a central electrode aperture, while the other efectrode plate has one . or more 
peripheral apertnres. Both of the electrode an^e^ ^ ^ 

opening in die .spacer. A compression device selectively applies or releases a 
compressive force on the end plates for compressing or releasing the electrode stack. 
An inlet supplies process liquid into on- end of the electrode ^tack, while an outlet 
dischargesfte process fiqttid from the oppositeendof the electrode stack. - 

The' accoinpanying drawings, wfceh ate incorporated in and form a part of the 
specification, iHustiate preferred embodiments of the present: mvention,.and together 
wim the description, serve to explain tbe principles of theinvendori. In the drawings: 

r 

I 

\ SSm. PESCRIPTTON nP J OE DRAWmq s 

| 25 Figure 1 is a schematic diagram of the overall electrocoagtnati<m i^roeess. 

Hgtn* 2 is top plan view of a single electzode plate; 'showing the comer 
apertures in solid border, and showing an atemative central aperture in dashes, 
ftgjmt 3 is a top plan view of a angle gasket or spacer. 
Figure 4 is a side devanonal view of an entire reaction chamber. 
Rgnre 5 is a side elevation*! view of top and bottom pressure plates of a 
reaction chamber, showing compression members joining the pressor* plates. 
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Kgure 6 is a sinqflfed exploded view of a portion of a reaction chamber, 
Aowjng die aTiffmafing placement of electrode plates. 

BgDK 7 * » view of the liquid flow path through a niactian 

chamber, 

5 J^^S^sebemancviewoftbel^ 
cbaxnto or rooe wftMn a tto^ 

of me bonfcrbg electrode plates in dashed cnfiine and showing the central aperrare 
of a second bordering electrode plate in solid oodirie. 

• 'Kgnre.9 is a schematic side view of a modified embodiment of a reaction 
10 chamber. 

Kgure 10 is a schematic lop view of the reaction chamber of Kg. 9. 
Hgure 11 is a rideefcvauonal view of an end plate, showing an externa] side. 
Hgure 1.2 is a side elevational view of a Spacer zesting on dielectric rails 
K ^ ure 13 * a *** eJevational view of an. electrode plate ^peripheral 
apeitm^ resting c^o^Jcctdcrai^ 
seal in the electrode stack. 

j ' Rgore Uisasideelevaiionalvicwofaneap^^ 

\ apcmir^ resting on dielectric mSs, and showing the relative posrti<m of a jmoaposed 

\ - O-ring seal in the electrode stack. 
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BEST MOPE KQR CAWynm. OUT THE IMVfr M-r^ 
The invention provides a iwn-fouhng, self-cleaning, sinuous flow, electrolytic 
reaction chamber thai is easily assembled, disassembled, and maintained. A reaction 
chamber having a filter press structure b suitable for establishing and madntaiiiing a . 
stack of elecwode plaies mat define a plurality of sequential treatment chambers or 
processing zones, lite filter press style of nactic^ 

for treating v^ner or other process fluids by electrocoagulation. The nen-fonKag . 
characteristic of the reaction chamber is achieved by cmarmg streamfined flow paths 
that confine the process liquid to a highly predictable or known flow path through • 
each zone. Thus, in a streamhned flow path, the available snrface area of the 
electrodes is Innited to 
by a lack of stagnant areas. . 
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j ^ snrfec ^ aw «f *e dqcaode.can be conformed to the predictable or 

| known flow path. by several methods. Krst and prefencd, the electrode plate is 

| suppKedinasizeCTce^gtlifidzBafti^SiK^ 

I porticm exceeding^ flow paih^.b^ockwl Fox example, the elecoode plate may • 

I 5 be generally square* which is not a desirable *ape to a flow ^ 'iJ^efore, 

f contains surplus area. 

f ■ ■ . ■ • 

| . Toe portions of the plate noi a pin of tbe predictable or known flow path are 

i W^^ccM^teiiriwiBarfi Sucbblocldng maybeaccompIfeHed ' 

by supplying a gasket cm mto ^ oQafigin^ that Iks av«- rfce pardon of the plate 
xobebkdted. if a is used in combing 

plates, ihe spacer may be cur m the same shape as the gasket so that it will support 
tbe gasket against tbe plate, ^^^^^af^cut^plm^gask^^d^^c^^ 
compressed in a filter press style reaction chamber, the gaskets ate snugly compressed ' 
agM the P iates.formmg a flo^ 
15 of the electrodes are io-comacr wim the process fluid. Because the unblocked areas 
bound a known or predicted' flow path, the unblocked areas are self-cleaned by the 
liquid flow. 

A second method of conforming the surface area of the electrode vo the 
P* l ^* c ®&il& or known Sow path is by providing the electrode plates in the size and 
20 configuration c^tbe.flcmrpahV^eialh^ a flow path over a plam wim'aperdtfes- 
located in certain predetennmed areas will define a predetermined shape. The 
electrode plates in a reaction chamber employing such a flow path can be cut in a 
matching size and prederenriined shape, with supporting tabs or an additional edge 
portion at the periphery, as required to be engaged by gaskets. The gaskets and 
25 spacers are shaped to- engage only the additional edge portions or supporting tabs of 
die specially shaped plates. 

Empirical testing- can determine the shape of flow paths in a reaction chamber, 
initially, a reaction chamber employing electrode plates of a. standard shape, such as 
a square, can be operated for a sufficient time to determine where fouling oecots. 
Such testing should be conducted wim plates configured to define apertures in 
preselected locations and of size and spacing smted for process condinojis. The Sow 
padis appear on the plazas dean area^ 
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*^^beccatedwimdepc^ TJteres^ 

orpreolctableflow paths for the reactic* chamber. Ibercalter^fiastetj: and facets 
^^diar^toblcciil^^ 
path* 

The invention provides a reaction chamber employing a flow pari having a 
pattra^cajismgilteproce^ The reaction 

chamber is of filter press constrwtioa, in which electrodes are arranged in a start 
| . Asa^bJ^m.ibest^eaeh 

| < ^ OT ^^ te ^<rafin- 8 iydesredch^^ 

j or a shape ih*t otherwise meets a recjturemeot of a particular sanation. Wats of 

regular symmetrical geomet^-dapexdaxrveto acupoint tend to be goodchok« 
for sealing h> a filter press chamber. easy handling, economy of manufacture and 
shipping, efficiency in udKzatip, and for forming picdictable, regular Sow paths.. By 
way of. example, such shapes mcludfe an eooihrteral triau^, square, circle, or, other 
regrdar geometric shape. Elongated variations of these shapes, such as an ellipse, 
oval, rectangle, or an irregular shape are Jess desirable bat are useable because the 
flow path ultimately will be determined by other factors, such as me. relative 
• posidening of apertures in juxtaposed plates, 
20 A gasket separates dach electrode from a juxtaposed electrode ih the stack. 

Each gasket can be shaped at outer edge to match the outer contour of the 
electrode plate, ^orally, each pair ^ 

or more gaskets, and a spacer of predetermined thickness is mie rposed between two 
of the gaskets. The gaskets and spacers are planar and are of similar or substantially 
25 the same sh^such as if cot from sheer stock by The gaskets . 

Be generally over the peripheral margin of each electrode plate and have an open 
center area, which defines the uncovered central areas of each juxtaposed -pair of 
electrodes. The uncovered area of the electrodes is the active area that contacts 
process liquid and participates in an electrolytic reaction with the process liquid. The 
uncovered area between each- pair of electrodes consdones a separate treatment 
chamber or zone. 
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A means for establishing an efeot^ comiecrioa co each electrode plate allows 
^ P^w cany a pr^ charge/ 1^ 

extend from one or mare edges of each «qu^ jdae » b^caid the oonsr edge of ihe 
gasfcetpiovidmgacoimecoo^ AcjacentpUtesmay be' 

°PP°^y charged Dyadic . 

tieatmeto chamber or, zone is defined by one positively charged plate and one 
negatively chained plaie. 

Tie electrodes define aparmes allowing rjrocess hcuid to pass from one zone 
to tie nexi-m the stack of eJecrrodesL Each end of the efceuode stack is capped by 
an end plate or piessiue plate. Ihe opposite pressure p hues ^ joined rogeiher by 
elongated holts, threaded rods, or other means for drawing the pressure plates roward 
each other. The pressure plates eoinpress the electrode stack, primarily by. 
coinpiessmg the gadceK 10 form a leak proof $eal against the plates and spacers. The 
stack of electrode plates, gaskets, spacers and joined pressure plates together defines 
a reaction chamber. The pressinc plates . provide inlet , and oudet fittings- for 
iransimamg process liquid urrptjgfa the reaction .chamber. The apertores in the plates 
provide a flow passage for the process fluid to follow through the reaction chamber. • 
The apertures through die electrode plates establish a flow, path passing 
sequentially through each of the treatment chambers or zones established between 
jmaapbsed"^ . 

is determined by the -apenurepcxations andthe coiifiguiatioii of the active or exposed 
? electrode surfaces. 

The plates in the stack consist of at least two groups, in which each group is 
configured with a different aperture pattern from the other group. The plates of the 
fi«t group, or group one, each define a central and preferably circular aperture, 
located near the geometric center of the electrode plan?. Tl« plates erf the second . 
group, or group two, each define a plurality ofperxphe^l apertures, preferably circular 
or Btcosxtit xb shape. 

In a plate shaped with comers or distal pomts. such as a square or triangular 
'Plate, an efficient usage of electrode plate area suggests locating one of these 
peripheral apenmes iieaxe^ ^ 
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m a square electrode plate, four V^^^^^x^^t^^^^^^ 
comer, of thfc square^ 

InacitcolarplatearotlK*^ 

*P****nes *9tt*disticnt from each other and from flie center of the plate. ' 

• Plates of the .two groups are arranged m alternating sequence in die electrode 
stack. Each'ireatmeni chamber or zone is bounded by one plate having a central 
apernue and one plate having a pluraury of petfchena apertures. The fl< «v path &om 
^ toxone j**** ^nentiaUy thxongh ^ alternating hok pan^u*. Th^ in on, 
c€ d* zones the direction of liauid flow is fton, fte cewcr apertun, of a plate from 
group one, spading w ^ muhip]e ^ ^ ^ 

| sequential plate in. the start, which is from group two, 

I ' As the fluid enters the next zone, the direction of flow reverses. Be flow 

1^ converge*^ 

^rs.frc^grnopone. This flow partem if diverging and converging shrae is 

of the process Jionid, which encoux^ sdWttnSnf of me electrode ^reversal 
ofd^c^H^tntnrbnlemflo^^ 
plates and improves reaction speed and efficiency. . 

Ib ah^oit ev^ snWSoK tbe'an^ of^^^^ 

! ^^^^^^^^^^^^^^^^^^ 
j 7^ Consequently, the process liqoid wifl onde^ ^ ^ ft ^ 

| ^J™"** 6 "* Tneee velocity changes further contobute to 

\ . - turwuent flow. 

The c<m^non of rhe inner edges of spacers and gaskets i, designed to 
block stagnant areas or „ cfn^y^^^^^^^^^ 

^tc^co^rtte^^^ ^pidcaln^v^c^cnlar 
WbcraJaperon^sho^ that the inner edg^ 

shape, consisting of trough portions and ere* portions. The inner edge of the gask* 
defines a recess or concave trough at each of the apennr^s of a group two 

The trough or recess is centered along the outside edge of one of the peripheral 
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Thecontour of each mwgh portion tracks the outermost edge of a peripheral 
apextoret.ptoaW^balfthcchxnmf^ Tfe ranahring hajf 

ofma P^'s<*«^^ceisite 

ceniCT^f^txeatme^ chamber to allow process Hqmd to flow frorn the peripheral 
aperture of a group two plate toward the center aperture of a group one plate. 

Neighboring rrougb portions of the undulated gasket edge are joined by a ctest 
portion. Between troughs, totoeredgetf ^^de^ aeot^edg* or crest 
centered onthe i ^ eitare ^ a g^'^ ^ The apex of the con Wedge 
t>T«cany^ be spaced W the edge of tte center A suitable spacing can 

bedenammedl^ihepreoe^ the ctest will be grated 

fnm.theceni^spertntebynvoOTffio^ . 

Whh reference «o Hg. 1 of to towings, a system 10 for treating a process 
^dbyclcaioax^oncane 

streamlined flow paths. C* to tmsm^ «f the chamber, to syst^ ca* meW 
a surge tank 14; a means for supplying chentfeal «toncemem additives 16; and an 
ozone generator or oxygen source 18. Cm to dowmmcam side of the chamber 12, the 
can provide a developrnenttarak 15. In addition, the system is powoed from 
a DC power supper 20 ana controlled by a p^gramnfed processor such as aerogram • 
logic controller (PLC) 22. In addition, the system may include supplemental standard 
equipment such as valves (V) and pomps CP) as required. 

to a representative system, surge rank 14 holds a mimnmm of five minutes, 
supply of process liquid, based on the applicable flow rate through the system. The 
surge tank contains a smJc ^ 24 ^ ensming mat any <*emical addmves 16 are 
thoroughly nxixed ^ the process liquid. An ozone difiuser 26 or an oxygen micro- 
bubbler 28 are located near the bottom of the rank. 

Chemical enhancement addiuves 16 commonly are add or caustic solution for 
altermg the P H of the process limmi A metering pomp 30 is comroBed by a pH 
prebe 32 m to surge raak for Wenm^ tfe 
process fiouid. Otor addict cn be aoVW by » w 



I . the process or- 
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The ozone generator or oxygen source l& is used to acceteram ifacoxidadbn 

treats ia^^o,^^ fcfc^^^^a^ 
Oxy^i^^.^ov^add^^of^^^,^ mono***. 

af^ofabomut*^ ^^o^i^e^ waoda| ^^ maiiy 

^ gc^refi^^K^ iWlte.toy^ a taction d^nter 12 
«n be constructed of squ^e etaWc Wades or phU 1 00 iltema^ between group 
one and group two pto 38. Ite W<«« P 1^3€ tove to , a p sri ^ 40 

at «he center, while the groap ^ pfa^ ^ ped^ 

apermte. 42 distributed wim one in each comer. Tne areas of ^ holes 40,42 are 
catenated to ^ a pre*** ^ ^ £ v^ocily of *e process fi^d ' 

vanes and carrses torbuk* flow as its pass^ jn*tapo^ pla^ . 

plate* are separated by spac « 4? formed of a ch^ncaHy inea material 
^.a potyvi^odde. Tie spacer, *e srfected for their pxedcxeonined thicta^ ' 
wi^ estabUshes a c^ewdtng W beaween the electrodes. A wide variety of 
si*certiuckn^canbep^ 
process liquid. 

| c^b^orzoac^SOwidnn^eJ^^^ The gastets^d 

by therr rnside edges to define streaming AoW pafts in eacb-neam^t chamber 50 

| produce a liquid tight seal ^tboot rearing adhesive. To a small degree, the gasket 

\ 25 ^ ^ berween electrode m aodtton; gaskets ^ ^ ^ ^ 

i ^jpresetad thickness to change the electrical characterise the reaction chamber. 

1' . , ^elecn^ stack is held mplaee by op^gpre^ 

I opposneeiids of the stack. The plates are eqahpprf^ Hnlng, 54 for attaclnng inlet 

^oudetcondtteto^cnaml^: Th^ pl^ 

ag*n* the electrode stack by suitable compression roda mar may include bolts, 
traded rods, locking fastener rods and the lite. A set of four compression bah$ 
56 n,ay connect the P W 52 at tb^r^ cohkxs of the st^ I* addinon, mother 
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I compression means soch as a «to4odang fastener 58 may mtercsmnecr rbe plates 52 

at the niidpomt of each smnghl side of the stack. The periphery of each ekctrodt 
} . place, gasket and spacer may be spanned xo be threaded over the compression rods 

f • - « as ao aid to the assembly of die electrode stack. 

Each electrode plate 100 carries an electrically conductive ear 60 for receiving 
I aTCelccn^ connectioiL lie ears extend outside the gaskets on the ouier surface 

of the electrode stack. A guard or cover can be placed over the reaction chamber 10 
prevent inadvertent contact with the rare or any other electrified portion of the 
j reaction chamber. As a safety measure, the guard may be equipped with an 

10 "^«^g^iehfofshtiam^ 
I The development tank 19 receives treated process liquid under pressure from 

\ me reaction chamber 12. The rrearedlicuid resides in tank 19 while floe forms. A 

[' static im^ 64 mrai* 19 err^^ A polymer injection system 

66 can be used where polymers wffl improve the swdiag process. 
I 15 The DC power supply 20 receives alternating cmrenttAQ power from the grid 

j and transforms it to DC through a nxtifier. The positive and negative sides of the DC 

t supply are ^ccwely xormected to electrode bladesin the reaction chamber. The DC 

supply can switch ornrvcrsepolariry w thedectrcdes. Peric^cally reversmg pcdariiy 
i ■ mirumizes any buildup of oxides on the electrodes. 

\ 20 < ** raU s y $tem control resides in the program logic controller 22/ ComroBed 

features include liquid flow rate, operation of pumps and valves, Mdajmbcation of 
I 1 power to the reaction chamber electrode plates. 

I to operation, the system 10 is suited to neat process Hqcrids, which may 

j include waste ware*, drinking water, or process water. Prc^ Bquid is pumped from 

j 25 a 62 to the strrge tank 14 at a specified number of gallons per minute The 

surge tank provides flooded suction for a feed pump 68. It also receives chemical 
( additives 16 such as acid or canstic solution to adjust the pH of the process liquid, 

j ^hc static miter 24 blends the additives and the process Squid. Ozone or oxygen 1 8 

J are injected irrto the process liquid to enhance the normal ram of oxidation that win 

5 . 30 - rake plnce in the reaction chamber 12. 

j • °f*ionally, polymers can be injected into the liquid in the surge tank to 

improve the floe sunexme of ceram process streams- For example, when thickerring 
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a stream of sewage sludge, five p«cent of the normal polymer rate improved the 
[ resulting solids trom seventeen peiecni ro over rwenry percent. 

[ . The process liquid fiom the surge tank is pumped under pzcssmc through a 

j «mnecdon m one or mom tt^^-^bera 12. Each reaction chamber contain^ 

? 5 emanate P* 3 ** formed of selected meeds to provide the opmnim ions for the 
• appropriate chemical treatment of Ore process KgraA If multiple reaction chambers 

j or off-Hne"by suitable, valves 67l This allows .adjusmieot for varying flow rants and 

i permits maintenance of mdrvid^ichsBnbets jtiute processmg continues in another 

/ 10 chamber; The power supply 20. provides -DC current to the electrode*, wnefe the ■ 
i electricity passes through the process hquid and oases chemical reactions tending- to 

form impurities into precipitates and floes. • 
; - The treated process liquid edts &e reaction chamber and entejs the 

j dCT ^°P Mt ^ i 9*^^uuderprt3^ 

15 cmtanowsfloc to develop and be scpai^i fiom the icmaimnx portion 

process liquid, which often is clean water. Static mixer 64 in the development tenk 
| i 1 ** 2 *** the rate of floe development and increases the efficiency of the polymer 

( mjectiOD system 66. Uquid trcra The development tank can be pumped or gravhy fed 

to a secondary separation system 69 such as a elarifier, ruier press, filter, or the like. 
I 20 tw ijisnps cto' 4e i^ (Ji*te \*a' jris iuom: ■ Ctae'^B 70-. 

I purges me chamber and then cleans it by pimphnj in acid or canstic solution thai 

removes any traild-up of contaminants on the electrode plates. A- second system 72 
i purges the chamber with water to remove contaminants. The chamber is allowed to 

\ remain filled with clean water when it is idle. The water prevents oxidation on toe 

} 25 electrodes. 

> • • 

I . According to one detailed embodiment of the reaction chamber, and with- 

\ reference to fig. 2, a square electrode plate 100 has equal sides 30.5 cm (12 in) in 

i length. An electrical connection ear 60 extends from ooe of the sides at a position 

or* of the comers. Tie plate can be configured as either a group one or group 
wo plate, according to the number and portion of apertures formed in it. A central 
ajrrmre 40 is formed through each group one plate. Four comer apenmes 42 are 
formed through each group two plate. The corner apertures ate spaced fiom the edge 
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of the pl«e lor 13.5 mm (OJsS'in). Each aperture 40,42 is 19 mm <jfc75 m) in radius. 
Wvk ** eteewxfepkte 45.7 cm (18 in) per side, the. preferred aperture radios fc.23 
cm (1 in), m an electroplate 61 on W iiO per side, ite pi^^ aj^tnre ndius 
- 15 3.8 0111(15 40). 

"Wrtb. reference to fig. 3, a gasket 48 has a square outer edge 305 cm (12: in) 

• per side and is sized to fit over the electrode plate with edges aligned. The inside 
edge of die gasket is comoraedin an undulating pattern. Ai a petition over the comer 

• aperture of the electrode, the gasket is shaped with a trough or recess 102 having a . 
concave curve on a 19 mm (0.75 in) radius. The concave curve is located on the 
gasket to align with, the edge of a corner aperture 42 of a group two plate over 
apprwdmaiely rhe outermost one-half of the circular aperture. In a gasket having 45.7 
cm (18 in) side edges, die concave curve has a 25 cm (1 in) radios: or with a gasket 
having 61 cm (24 in) side edges, the curve has a 3.8 cm (13 in) radius, or in each 
case conforming to the radius of the aperture in a mating electrode plate. 

-15- .The inner edge of the gasket farms a crest -or convex curve 104 herween 

concave curves 102. The apex or center point of the crest is spaced 5 cm (2 in) from 
the outer edge of .the gasket. The end of the crest meeting the trough blends 
smoothly, m a gasket having 45.7 cm (18 in) side edges, The apex of the oestis 7.6 
cm (3 in) from me outer edge; or with a gasket having 61 cm (24 in) side edges, the 
20 apex of the crest is 10 cm (4 k) from the outer edge. Gaskets typically will be 3.2 
j" mm (0.125 in) in thickness. 

I Spaces 46 are shaped identically io gaskets 48 but vary in thickness. Suitable 

spacer thicknesses are 6.4 mm. 93 mm, 12.7 mm, 19 mm, and 25.4 mm (1.4 in. 3/8 
j' . in, 1/2 in, 3/4 in, and 1 in). 

J 25 Wth reference to Rg. 4, the reaction chamber 12 is formed by a stack of 

.) electrode plates arranged between, pressure plates 52 on opposite ends: • Each electrode 

1 is juxtaposed to a gasket on each of lis, faces, and a spacer 46 is interposed between 

the gaskets associated with juxtaposed electrodes, m addition, an end" gasket 48 and 
j an end spacer 46 are interposed between each of the pressure plates and each end 

I 30 electrode. Elongated compression members 56 join the pressure plates and allow them 

to be drawn toward each other to compress me gaskets. "With reference to Fig. 5; the 
\ assembled reaction chamber may include bobs or tigrnemng-rods 56 at each comer of 

I 

1 ' 
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*6pfBi$uiepLaes. Altars^ compn^ion members such as cam-lodcmg rods S8 may 
be located at one or more locations intermediate, the comers. 

With reference w fig. 6, the electrode plates m the stack axe arranged with 
gro^^aMgronptwoptereahernan^ 

e^insfltemaimgdirecW This eaWeonnection of one electrical pok, such as. the 
-podtivepole, to every, other pl^; snch as aU of the group one plates. Theopposite 

plates 52 are provided with a fining of.coniteeting mpple 54 for an inlet or outlet W 
the reaction chamber, # i ' 

With .reference to fig. 7, tbc flow path through the reaction d.*nW 12js 
sinuous. Uqmd entering the chamber through one end is directed sequentially rhrotigh 
alternating electrodes erf gronps. one and two. in whatever order is selected dnring 
assembly of the chamber, Ihe Horrid follows * flow path 106 thai variously diverges 
and comterges as to trave^ each treats 
electrode plates. 

With reference to Hg. .8; tto flow wito each zone is represented by.dre 
am,WSl06 - ^ turbulent dr* to the varying TheHquid 

changes velocity freqoendy. For example, in passing through the fonr apertures 42 
of a gionp two plate, the fiqnid sees an overall large p«sageway reputed by rhe 
areas of the fourapertim*: Tbe^d^ can flo^relati9ely slowly rhrongh such alarg^ 
port* Hc^ever, when subsequently 
jtn^a^ group one plate, tte Bp^ ^ 

area of d>e single aperture- ^ Squid must flow relatively fester through the smaller 
portal Additional velocity changes rest* as the liquid passes fion, the narrow 
portions of a single zone to a wider portion, or vice versa, lids turbulent flow 
improves the efficiency of the eJectrc«agulation process and helps to clean the 
electrode surfaces of accomulated precipitetes or floe 

-A*«lter!a«fe^ wWAadcsi^bte 
re3Ction chamber lOSaUows the num 
30 stack 109 to be varied. b_ ^ allows the etoode plates, to be removed and 
reinstalled for cleaning or replacement in a simple and efficient roannc This 
cbamb-r is constructed with a filter-^ess *pe of design using a feme 110 mat 



20 



05/09/05 HON 12:10 FAX 2813395400 



Ecolotron, Inc, 



@)019 



| 10 



r 



15 



20 



25 



30 



be located at one or more locations JniemeaTatothe cwnez*. 

Writ reference to Iig. 6, the electrode plates in a* «^ are aran^ wH» 

eais in alternating diiectwos. ^eaWcoimectionof oneele^^ 
-posinve po^ to every. other pj^ 5^ te ^ w plat ^ Thcc , ipasite 
pc^s^^^nefia^p^fcc.w^^^^^^ The'pressaro 
J*** 52 are provided with a fining or .c<**^^ 54^ ^^^^^ 
the reaction chamber. .' ' 

Whh to Hg. 7, the flow'pa* uVough the reaction dumber' 12'fc 

"""^ ^^^^^^^^fixec^^ 
allemalmg ^ Wps-«e «kT two. in whatever pxder fc*^ ^ 

assenfcty of the chamber, lie Squid follows a* flow path 106 thai variously diverges 

©tectixwc -plates. 

Wa xcfercnoe to H** the flow within each rone t^^ted by zhe 
anow.106. ^^istnrbnlemdnetoine^cann^of ^zona TheWd 
changes velocity freooendy. For cample, in passing through f ont 7tmae$ ^ 
ofag^ptwopk^^ 

^of the fonrabextnxns: TbeTi^c^flo^^l^el^^ d^-^^ 
port* H ™ ev ^^s°fc*q^ 

The liquid nrast flow relatively fasrer throogb the smaller 
portal Additional velocity changes result as the liquid passes from the narrow 
port^ofasi^^^.^p^^^^ Inis nnbolent flow 
nnproves the efficiency of the elecoocoagulatioa and helps to clean the 

jS^^ SSSl 05 *ggjjfagg>^ggjtes or floe. 

afid»eriwBWBrfen*onB^i.^^^ whjch ade$bl)]e 

icacnon chamber 108 allows die number of blades or electrode plates in die electrode 
109 to be varied. It also allows the electrode plates, to be temoved and 
reinstalled for cleaning or replacement in a simple and efficient manner, lb* 
d-nl-r is construe** wi* a SUer-**** type of d^ t^ a fcnne 110 ^ 
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suppoits a pair <rf spaced apai {fioe^ 

Typically a rail is constructed of metal and carries' an electrically insulating wear strip 
or other chdectric coring Themrls 
• are well sotted to Support easfly fabricated, square electrode plates 101, W2v as shown 
in Kgs. 13 and 14. The plates indode laterally extending ears 116 mat overlie die 
rails and support eadi plate on iheia2s by gravity. m addition the ears 116 serve as 
supporting ratf guides that allow the plates to be positioned by sliding on tne tails. 
Hie rail guides 116 may have a new or hooked shape opening id the bottom side 
for engaging anal and sliding on the rail when poshed longimdinaHy. 

The frame supports apair of spaced apart paessnre plates 118 that rest on rails 
1 12 and save as die opposing end plates for the intermediate electrode stack 109 of 
reaction chamber MS. A supporting ear or rail guide 116 extends from each lateral 
side of plates 118 in a suitable position for engaging the rails 112. One of me 
pressure plates 1 18 is a smtiohary end platelocated at one longiajdmal end oSthe rails • 
112, such .as the right hand end in the view of Kgs, 9 and 10. The stationary, plate 
118 h lodged against an end of frame 110. wlndtsuppons the stationary plate against 
movement A second pressure plate 118. at the left end of die reaction chamber in 
me view of Figs. 9 and 10, may be regarded as a moveable plate. The second plate 
118 can be selectively pressed against me juxtaposed end of the dectrode. stack, 
pushing the' stack against the Stationary plate and, thus, sealing it. Wneh--piessure 
through the moveable plate is released, the electrode stack can be spread apart along 
the tails, and any component can be lifted from the dielectric rails, inch as for 
maintenance or replacement. 

With reference to Kg. 11, the external face of pressure plate 118 is configured 
to allow a central force on the plate to seal the electrode stack. A force dissipating 
pad 120 at the center of plate 118 provides a thickened contact area, A plurality of 
gussets 122 radiate from pad 120 and extend to the.periphery of the plate. The plate 
may carry an inlet or outlet fitting 54/ The pa^ 

from warping or deforming when a central pressure is applied. on pad 120; 

A compression means or device selectively pushes the moveable plate 118 
against the electrode stack, sealing it against leakage and allowing pressurised 
op«uuon. The compression device also Selectively releases the pressure ID allow 
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electrode plates 10U02 to be removed fomain^ or^bc^^ . A 
^ m P^<*<^ is a Amo* operas 

posi^andatctt^posiriou. A pneumatic or hvdnmlic powers cylinder 124 is 
" suable The cyKnder 124 ac* between the h* end of frame 110 md movtsaMe ^ 
5 1 18 on the left side of the electrode staci in fte view «f Rgs. 9 and 10. The 
hydAuHc cyKnder can work over a range of eweosion, allowing the number of 
electrode plates id the electrode stack to be varied. Oneeod of thecybnd^ I24may 
. frame lia and th^ 

contact the neater end plate 118 when tie cylinder is ^tended, to compress the 
10 electrode stack. 

The electrode plans used in reaction chamber 108 provide tarbment flow of 
the process liquid, flowing through a flow path defined by alternating group one and 
group rwo plates, fa this embodanent, the electrode >1^ iiKlnae soppoiting tafl 
guides 116 for canying the .electrode plates on the rails 1 12. Bach pair of electrode 
plates is separated by a spacer mat also includes mil guides 116. .fig. 12 shows a 
modified spacer 103 defining a central spacer opening, preferably with a rotmd-edge 
profile defining a circular opening of predeteinnned diameter. The spacer may caxry ■ 
a compressible seal at each face. Thus, bom faces of the spacer 103 may define a 
retaimug groove dm carries BnO^se^ 

opening. -The O-ring seal 'oh each face of the spacer snbsdiutes for a gasket 4& The 
spacer is formed of a dielectric rnateriaL The thickness of a spacer can be selected 
to establish a desired spacing between hladea. 

A single treatment chamber may be regarded as including a central spacer with 
a group <me plate on one face and a grou^ As shown 

in Kg- 14, the group one plate 101 defines a central aperture 40, preferably round, that 
is smaller than the central spacer opening. The diameter ofapermre 40 preferably is 
about twenty percent or less of the diameter of the central spacer opening- Plate 101 
includes lateral rail guides 116 capable of supporting the plate 101 from rails 112. 
The plate may indndc an electrical connecting ear allowing connection to «n electric 
power sontce 20, although one of the rail guides 116 may be adapted to serve this 
additional runco^n. Preferably, the rafl guide serviug as a connecting ear i? provided . 
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connecting lag and wire pigtail 128. ' 

A modified group two electrode plate 102 is used oa The opposite side of the 
spacer. As shown in Kg. 13. the mmei ^ l(n pcd^Hk^ ^pat^ i W . 
configured as arcs of a peripheral circular dot . Tic outer edge of me arcuate 
uperthtes pes closely *n1nn. the diameter cf the O-png seal 126 so thai 4c dot is 
radially jmtaposed to the ccnnal srWopening. A minimal peripheral area of plate 
102 is exposed to process liquid outside the position of dot 104 w abate fouling. The 
stalW fa discontinuous as tie^^ 

example,'^ central, diststeped ponton may.be connected to the peripheral portion 
of the plate « one or inoreconnecth^ areas. Th* collections should be as narrow 
as practical, with the typical ate of sdeh a- connection being about fifteen degrees, 
thus, if four connecting areas are used/as shown in Fig. 13. ihe slot 104 vrffl extend 
over about three hundred degrees, andthe connecting areas will extend over about 
sixrydegiees. The electrode plate lOZincIudcs a connecting ear or lag attachment 
point 126 as previously described. 

the cumoJad^^ of apertures 104 is- smalfcx dian ihe si^e of the central 
spacer opening bur larger than size of the opening 40 in plate 101. For example, the 
height or radial din^on of the aco^ 

ndiainefe'Ofa&W^^^ p^Tjq^ 
maintained in .turbulent flow along the flow pa* passing through the differently si^d 
openings 40 and 104. The turbulence fa encouraged hy.the non-linear flow path and 
by differing areas of the apertures in juxtaposed plates. 

Hearical power, is easily applied or removed from the plates of the reaction 
c&amber 108. fa one desn^anangement. plates 101 may be arranged on dielectric 
rails 112 with the connecting points 126 aH on ^^dc of the chamber, wbik" plates 
102 are arranged with point 126 on me opposite side of the chamber. Positive 
cciutecaoits may be applied to one side, while negative connections are applied to the 
Other. Lugs and wire pigedfa 128 may cany waicrpxoof twist plu^ot^refencd to 
as CAM connectors,, that allow rapid connection or disconnection of each plate from 



j the DC power supply 20- 
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Tbe opemm Of ^ reaction chamber * Figs. 9 and 10 fa streams** and 
r^andmmnmofmaint^^ The reaction chamber, is assembled by 
seamg m place a desired sequence of spaoa^groop one ^ iaDd group t^pbdes 

• OT ^«d^ndbll2bet^the^^ 
jtcoaposed to each end plate. A sedes of reaction zones is established, starting at one 
end, by adding a plate selected fen* one of the two groups, followed by another 
spacer, followed by a plate from me other group. The connecting points 126 of the 

. two groups of plates should be positioned in a sensible way for the planned polarity 
of^h^sz^as^^a^^^^ The sequence is repeated as desired 
within The available length of the rafts, testing at sp3Ccr „ ^ 

opposite end plaie. 

menthehydnuBccylito 
plates and spaces move together by sliding on me-rafls. The stack is. Self-aBgmug. 
The O^ing seals produce t a pressure-tight- reaction chamber^ enabling the process 
liquid to be pmnped into or out of the chamber. Heotiicity c*, be connected «, the 
plates v* the pigtails either before or after me stack is compressed. Numerous 
patterns of electrical coia*^ are possible. For- example, power can be applied to 
fiwt and last blades, or the electrode stack can be subdivided into multiple chambers. 
Regardless of what connection scheme is used, an advantage ^^actio,, chamber 108 
is mat all electrical wiring is external of the flow pa* and protected by the 
Piessunzed nature of the chamber from exposures hq w<L A protective cover- is 
applied over the electrode stsck, e^eud^ at least as low as the rail, guides. The 
wiring harness is housed above the electrical connections of me' blades so that ft can 
remain diy even when the electrode stack h. opened: 

The flow of process Hgtnd .through the reaction chamber will follow, the Sow 
path estabhshed by the chosen sequence of plates and spacers. Inlet and outlet fittings 
54- are provided through the ead plates llg. The fining 54 serving as the inlet may 
contain a mixing tube. to create initial tureulence in the process liquid. Una 
tuttulence is mamtained by the sinuous Cow path and changing velocdtics-reornred by 
offset positions and varying sizes of me passages through plates 101 and 102. • 

Openmg the electrode si^ ThehydtauHc 
cylinder is wimnmwu, whereupon the m oveable end piaxe, spac^ ^ jeIecmide 
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plates caa be sprwd freely on the rails, a catch pan 130 ©an he carried on the frame 
110 beknMte rafl, * cacfa x^ ^ ^ ^ ^ . 

*«°*^<^^aDdr^^ 
id rite untreated process ttgofcl 

the -fawfevft e»«md'* flta**** only of. the principlU of the 
mVCOaaa -' ( R«tber v «nee ^TO ^c^ and changes »a readily occur to 

aod epe^doa sbovo, described, and accanfcngry all sohaWe modification- 

ZZT ^ tC&BdCa ^ * « f as ^ 

by d» dakas that follow. 
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CLAIMS 

h eJecooco^golatiQn reaction chamber for the electrolytic treatment 

' of a stream of process KqridVcoo prisipg: 

a supporting frame providing a pair of\laiendIy spaced, IdogftufinaHy 
wooding, dielectric rails for a^poxtn^ an eksctrode stack; 

first and second spaced apart end plates that are carried % said '^porrmg 

. feame; 

an electrode star* ihat is said endplaies and thai defines a 

flow path theredirough for process liqmd. formed of at lease ' 

a cfielectric spacer thai is supported on said nab and which 
defines a central spacer opernn S tliai forms a portion of the flow path; . 

first and second electrode plates that are supported on 
thera0s, wherein said first electrode plate is positioned between 
-. the first end pjare and said spacer, and said second electrode , 
plate is positioned between the. second end plaie and the spacer; . 
and 

wherein one of said electrode plaies detihes a ceimal electrode 
^mire that is posinoned centndly ^Inrive to the central spacer 
tiling a^^ofliis a p^^ 

electrode plates defines a peripheral electrode apertore that is 
positioned peripherally relative to the central spacer oj^g and fonns 
a portion of a flow path; 
a compression means for selectively applying ox releasing a compressive force 
on the end plates for selectively applying compression to said electrode stack" or 
releasing compression from the electrode stack; 

an inlet means for scpplying process licprid into a first end of the flow path; 



an outlet means for discharging process liquid from a second end of the flow 



2.- The electxtxxiagnhirion chamber of Claim 1, fottbercomtMising a means fot 
suppottnig said fina end pla^ 
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3- The electnK^anc* ctober Claim 2, wherein ^ 
«^ is applied ^ ^ to fe ^ ^ ^ ot ^ ^ 

and against said electrode, stack. 

4. ^<***^^ 

and frame an, such mar the r^ braces the ^ ^ 

against movement away from, said electrode stack.- 

5. The electrocoagulation chamber of Chum 1, ™faereiu said dielectric spacer. 

with respect to the ra2s_ . « ' ' 

6. The decrxtx^agulatian chamber of Claim l v wherein said electrode plates 
are supported on said rails by a means for allowing the plates to sMe lon^ndinally 
with respect io die rails. 

7- The electmcoaguJarion <Aamher of Oaim 1, wherein said peripheral ' 
eleerrode aperture is juxtaposed ro an edge of said central spacer opening. 

The electroeoagqJaiion chamber of ^ Claim 7, wlu^fa, said edge of ihe 
central spacer c^g is concave to »id peripheral decixode apenure: 

9. The electrocoagulation chamber , of Claim 1, wherein said peripheral 
electrode aperture i$ arcuate, 

1<X The dectrocc^gularion chamber of Oaim-9, wherein said peripheral 

ck^irodeape^is.radiaTty 

11- The dectrcK^asoladon chamber of Oaim 9. further Uprising: 
acompressSbfe seal located between sud spacer and each cf said fust and ■ 
second electrode plates for forming a preasuriaable electrode stack when longitudinal 
compressive force is applied to said first and second end plates. 

12. The elecutx^gnlation chamber of Claim 1; wherem said peripheral . 
electrode apertme smaller in area than said cerm^ spacer opening. 

13- The eia^ocoagulalion chamber of Chun, 1. further comprising: 
an electrical ccmuection ear trending laierafly of said first electrode plate; 
awaterprontaelectfvely 
30 ro said cormecdon ear; and 

a IX: power sonice cow»«^ at one 
14. TteelearocoagtOaiion c^ 
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ear extending laterally; * 

^ second dep^de pl^ « ^ «tec« „*ieita 
extending to a second, lateral side of the electrode stack. 

K.' Tie etoocoagtdaflM dumber tfOafan 1. ^ comprising; 
a eaten tray earned by ^ W'l^ &^ ^ 
pn*ess liguid when said comr>ression n^eaus selectively ukases compress^ force 
j on the electrode stack. 

I *-J?.+ mtm **«* ch^ber of Oam,*l T fctafasaid oomp^on 

means cxnnpiises a fWd operated piston cylinder operable between an extended 
posmoa and a retracted posmpn, .connected at one end to said ftame and. suitably 
posmoned to push against sad first end pbie when in extendi posiuoa. . 

17- A electrocoagnLuion teacdon chamber for the dectrolytico^tment of 
a stream of process fiqmd, comprising: 

a snppor** W priding a pair of lateral* 8pae ed v longitudinally 
^t-ding,. subsnmdaUy Bo ^^. .,3^ ^ ^ V_ " 

electrode stack; ^ 

fim and second- end plat* carried by ^ ^^^^ 
one of said end plates is sUdably supported on said -rails; ■ • . . 

an electrode-stack intermediate said first and second end plates, defining a flow 
path therethrough for process liquid, including: 

a dielectric spacer supported on said rails and. provide a 
cemnd circular opening ddSning a p^ca ctf a ^ p^ foj 
liquid; 

wherein saidfcstelectrodeplate is posits 
end plate and said spacer, and said second electrode plate is 
positioned between said second end plate and the spacer; and 
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wbento ooe of said fins and second dfecoode plates defines a 

I*°«*s Hojdd. positioned cvxrty relative „ said cnenlar spacer 

other of the fim and second decuode p fa* defines a plundity of 
ekarode 

Process Bqnjd, positioned pe^berally relative «o the M spacer 
opemag. and cumnjgdytfy ^ 3^ ^ ^ ^ drcnW 
opening; 

said fin* and sxond end plaies forsateivi:ly «mp«^ g ^ ^ ^ . 

releasing compression on the efectrode-siack; 

an ink, means ftr supplying the prcces* HquSd into a fin* longMnal end of 
the flow path; end 

an. oudet for n^ving fc ^ ^ ^ ^ . 

end of the flow path. 



W. A method of anting ^ ckxtrocoagoJ^tion chamber comprising- 
fia. providing a pair of kte^uly lo^^y exlCQdin ^ 

hamoinal, dielectric rails; 



^■^B^'fa^^Mtbedie^ 
of alternating electrode- plates and dielcetiic ^accia od the tails, together with & 

plales,*qtacei^ and at least one of (be end plates lest on the iailsby gravity and ate 
longnodmaUy stidable. thereon; 

Third, comp^ the electrode stack to seal the junction between each 
tetrode plate and spacer. 
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* 

t***iic rails. (mjsopp^t an efecttode stack (109) dm is composed 
between end pxessurepIa^CHS). Thes^is^p^ of a 
103) fomn^ a ce^.^cer epen^g, separating a^-<tf plaa* (l 0l J02) 

that each have a dm** ^nfignrtfion" of opening A fim electrode plate (101) of 
d* pair W a central apertwe,.,*^ to ^ ekcm)de ^ (102) 
P^iphe^l ape*^. A comp^n devfce soch as a hydraulic cylinder (124) 
compasses to stack, sfiding topi** and spacer to8 e(h^ u> fonn a p ra s S o re ^ht 
leacuon chains (108). Wh« to ^Bo^ ' 

grooved from to suck for n^acemew or inaiwenahce. mendy by fifing * off to 

rails. An-etecafcpc^to^ 

(116}, triad* may be a one of to ml guides j(116). 
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ABSTRACT 



An apparatus and system that uses an improved design for the high pressure 
electrocoagulative treatment of aqueous and/or viscous fluids and sludges. The apparatus 
is configured as a plate and frame design utilizing hydraulic or screw type mechanical 
closure on recessed, gasketed, non-electrically conductive spacer plates hereafter referred 
to as spacer plates that completely enclose and encase all fluids, electrical contacts, 
electrodes and fluid conduits within the confines of the spacer plates. The spacer plates 
include integral supports on the edges that hold and position said spacer plates and 
enclosed electrodes on top of the side rails of the supporting frame such that the spacer 
plates with enclosed electrodes may be opened or separated for electrode replacement or 
other maintenance and conversely closed, pressured and put into service. The apparatus 
also includes a baffled influent and a baffled effluent chamber and/or plate at both ends 
for the addition and flash mixing of chemical reagents and/or flocculants and also that 
provides a means of fluid communication with the fluid conduits formed by the 
interconnection of gasketed ports through the spacer plates and/or external conduits for 
fluids to enter and to exit the apparatus. Various physical, mechanical and/or organic 
separation means in fluid communication with the apparatus may or may not be utilized 
based on influent fluid characteristics and the desired goals and objectives of treatment. 



Process and Apparatus for the Electrocoagulative treatment of Aqueous 

and Viscous Fluids 

Background of the Invention 

1 . Field of the Invention 

The present invention relates to a high pressure method for the treatment of 
aqueous and viscous fluids by means of flowing through a plurality of electrically 
charged electrodes therefore destroying or otherwise rendering harmless any 
undesirable living organisms and allowing any undesirable matter present therein 
to be subsequently removed such that once treated, the fluids may be classified 
as harmless or otherwise acceptable to humans, animals, insects, vegetation and 
the environment. The invention also relates to a plate and frame apparatus 
utilizing recessed, gasketed, non-conductive spacer plates with enclosed, 
exchangeable electrodes of various designs that are suspended on a supporting, 
square, elongate frame in such a way as to allow the spacer plates with 
electrodes to be easily separated or opened to exchange the electrodes or 
perform other maintenance and subsequently closed and pressured utilizing a 
hydraulic or screw type mechanical closure device that shall maintain sufficient 
closure/operating pressure to seal the plurality of said spacer plates with 
enclosed electrodes therefore containing pressured fluids within the confines of 
the plurality of chambers formed therein. The apparatus also incorporates 
(integral or non-integral with the supporting frame), influent and effluent mixing 
chambers and/or plates (with injection ports for chemical reagents) in fluid 
communication with conduits that may or may not be within the confines of said 
spacer plates allowing aqueous and viscous fluids to enter and exit the apparatus 
and multiple mechanical separation means in fluid communication with the 
apparatus to subsequently separate liquids from liquids, liquids from solids 
and/or for dewatering of the fluid. 

2. Description of the Related Art 

The present invention is directed to improving methods and apparatuses for 
the treatment and/or removal of undesirable matter and/or organisms present in 
solution, in suspension and/or in a stable state of emulsion in aqueous fluids 
such that said methods and apparatuses may process said fluids at increased 
flow rates and also may process said fluids having high viscosities (biological 
sludge, soil slurries, oil field drilling fluids, etc.) in an environmentally safe, 
economical, user friendly, easily manufactured and easily maintained manner. 
Many electrocoagulative treatment methods and apparatuses have been 
described in the literature dating as far back at 1901, Lacomme. The present 
invention incorporates unique engineering concepts that shall be apparent to 
those skilled in the art. Previous attempts to achieve engineering excellence are 
described in the forthcoming list of prior inventions and patents. 



U.S. Patent No. 3,969,245, 7/1976 issued to Ramirez discloses 
an electorcoagulation method and apparatus utilizing a cylindrical cell with 
concentrically positioned electrodes for electronically generating large quantities 
of gas bubbles while simultaneously flowing wastewater through the cell to form 
an embryo floe which subsequently attaches to the gas bubbles to achieve 
clarification by floatation. Ramirez vented the electrocoagulation cell to 
atmosphere to avoid build up of pressure within the cell. Current environmental 
standards dictate that fugitive air emissions are unacceptable and present 
complex permitting issues. Venting to atmosphere also limits applications in 
which an apparatus or process may be implemented due to hazardous materials 
venting to atmosphere and risk of explosion. 

U.S. Patent No. 5,928,493, 7/1999 issued to Morkovsky, et. al. relates to an 
electrocoagulation process and system for low pressure and low flow conditions 
incorporating an agitated defoam tank utilized for allowing entrained gasses to 
escape prior to entering a settling clarifier. The inclusion of a defoam tank 
increases the overall footprint, adds additional plumbing and mixing components 
and vents off gasses to atmosphere. For the afore mentioned reasons, this is 
unacceptable in many applications. The reactor cell housing with opposed 
grooved sides for retaining the electrode plates also presents problems. 
Because of the spacing of the plates, when fluid velocities reach a critical point 
the differential pressure through the reactor cell is too great and the reactor cell is 
susceptible to leaking creating house keeping issues, exposure of possible 
hazardous materials to workers and the environment and the release of off gases 
to the environment. This reactor cell design also depends on "links" which are a 
means of connecting electrical power to the electrodes. These "links" must be 
inserted between the closely spaced electrode plates and tightened by means of 
nuts, screws and/or bolts and becomes maintenance intensive when exchanging 
the electrode plates or performing other maintenance. 

German Patent Document DE 3641365 A1 , issued to Klose discusses an 
electroflotation device for purification and treatment of polluted water by flowing 
the water over bundles of iron and aluminum electrode plates. Electroflotation is 
described as a combination of chemical and physical actions whereby iron and 
aluminum are sacrificed from the anodes and (as with chemical precipitation), 
utilized as an oxide for flocculation. Electrolytic action between anodes and 
cathodes release oxygen gasses in the form of fine bubbles which enter into 
oxidation reduction reactions with substances in the water causing the 
precipitation of pollutants. Disinfection, metals removal and oil water emulsion 
splitting occurs and contaminants are removed by vacuuming floated material 
from the surface and removing bottom sediments via the sloped bottom of the 
vessel. This device utilizes a rectangular tank, again open to the atmosphere, 
non-pressured and is not applicable to viscous fluids or sludges. 



As illustrated by the background of the invention, attempts to develop 
methods and devices for the removal of contaminants from fluids shall continue 
in the future as in the past. There has been no effort thus far that provides the 
benefits, advantages and unique engineering concepts as the present invention. 
The present invention is considerably unique in comparison to conventional 
engineering concepts and in doing so offers a means of causing undesirable 
matter to precipitate or co-precipitate from suspension and/or solution, the 
destabilization of suspended colloidal material, the destabilization of emulsions, 
and the disruption of undesirable living organisms utilizing distinctively unique 
recessed, gasketed, non-conductive spacer plates to enclose and hold in a place 
a variety of shaped electrodes while containing all fluids, electrical conduits and 
fluid conduits made up of interconnecting ports sealed by gaskets and capable of 
operating at high pressures such that viscous fluids may be pumped through the 
apparatus. Additionally, the uniqueness of the apparatus contains integral mixing 
chambers and a square or rectangular support frame utilizing hydraulic or screw 
mechanical closure allowing ease of manufacturing, cleaning, maintenance and 
operator safety. 



Siominnairy of the Invenftooni 

The present invention relates to an apparatus and system for treating 
aqueous and viscous fluids at high pressures comprising: a pump for transferring 
various fluids through an electrocoagulation device, a plate and frame 
electrocoagulation device, an effluent conduit in fluid communication with the 
electrocoagulation device incorporating a pressure regulation device and a 
physical, mechanical, and/or organic separation means connected to said 
effluent conduit before or after the pressure regulation device such that the 
pressure of the aqueous and/or viscous fluid may or may not be released through 
the physical, mechanical and/or organic separation means. 

The plate and frame electrocoagulation device of the present invention 
consists of a plurality of recessed, gasketed, non-electrically conductive spacer 
plates hereafter referred to as spacer plates with integral supports on the edges 
that contain various shaped electrodes within the recessed boundaries of the 
spacer plates. The integral supports on the edges of the spacer plates rest on 
the side rails of a square or rectangular, elongate frame that is supported above 
grade by legs such that the spacer plate stack is arranged in a horizontal 
orientation. This in no way implies that the spacer plate stack cannot be oriented 
in a vertical orientation and in many applications it is favorable to orient the 
spacer plate stack in a vertical orientation. The electrodes may or may not be 
made of sacrificial material including iron or aluminum such that the electrode 
material will be sacrificed at the anodes in accordance with Faraday's Law when 
a voltage is applied to said electrodes. However, it may be beneficial to make 
the electrodes of a non-sacrificial material and/or coating said electrodes with a 
non-sacrificial material when oxidation, reduction, or organism/organic 
destruction by the electromotive force piresent within the device is the desired 
effect. Said electrodes plates may or may not be constructed such that they are 
slotted, perforated, pierced, crimped and/or be constructed of a porous, 
permeable or semi-permeable material. The afore mentioned spacer plates may 
or may not be constructed such that gasketed ports will align with each other 
when a plurality of spacer plates are closed against each other and pressed 
together such that the gasketed ports shall be interconnected forming conduits 
for fluid flow within the confines of an outer gasket located near the peripheral 
edge of the spacer plates. The peripheral gasket of the spacer plates contains 
all fluids, conduits and electrodes such that when closing/operating pressure is 
applied by a hydraulic or screw type mechanical closure means the system is 
totally isolated from the outside environment. The spacer plates also include 
highly electrically conductive metallic discs or rods that may be embedded in the 
spacer plates or inserted through gasketed ports through the spacer plates such 
that when a plurality of said spacer plates are pressed together under 
closing/operating pressure they shall form electrical conduits by interconnecting 
with each other to distribute an applied voltage throughout the device contacting 
selected enclosed electrodes. Said electrical conduits are within the confines of 
the afore mentioned peripheral gasket such that upon closure of the spacer 
plates said electrical conduits are totally isolated from the outside environment. 



The electrocoagulation device includes baffled influent and effluent mixing 
chambers and/or plates (that may or may not be integral with the frame) at each 
end of the spacer plate stack for the addition and mixing of chemical reagents 
and/or flocculants and that also provides a means of fluid communication with the 
fluid conduits formed by the interconnecting gasketed ports through the spacer 
plates and/or external conduits for fluids entering and exiting the device. This 
arrangement allows for influent and effluent plumbing to be located on one end of 
the device and also allows for the hydraulic and/or screw type mechanical 
closure means to be located on the opposite end of the device such that 
closing/operating pressure may be applied to the spacer plate stack. Said 
closing/operating pressure shall be greater than the influent pumping pressure 
such that closure is maintained containing all fluids within the confines of the 
peripheral gasket of the spacer plates such that the fluids are totally isolated from 
the outside environment. The influent mixing chamber/plate may or may not 
extend through the head stock of the frame such that it is in fluid communication 
with a riser conduit connected by a tee (T) with said riser conduit being of higher 
elevation than the spacer plate stack and terminating by means of a pressure 
regulating device that may or may not be actuated for the purpose of (1 ) 
collecting any air or other gasses that may be present in an influent aqueous fluid 
so that said gasses may be released such that said gasses may not enter the 
electrocoagulation device and thus reduce the electrical conductivity of said fluid 
and (2) provide a passive relief valve that may be set for a selected, maximum 
operating pressure such that the safe operating pressure of the 
electrocoagulation device may not be exceeded therefore preventing the release 
of hazardous and/or non-hazardous fluids and/or material to the outside 
environment. Said pressure regulating device shall be connected to a conduit 
that shall return any released fluids to the storage, equalization and/or collection 
tank or vessel containing the fluid before transfer to the electrocoagulation 
device. The two effluent conduits that may or may not extend through the head 
stock of the frame and may or may not be in fluid communication by means of a 
manifold shall connect to the effluent conduit that is in fluid communication with a 
physical, mechanical, and/or organic separation means and shall be connected 
to said separation means through a pressure regulating device such that 
pressure is maintained on the electrocoagulation device such that gasses may 
not evolve as a result of electrolysis until pressure on the fluid is released upon 
entry to the separation device. This is done to (1 ) keep evolved gasses (0 2 or 
H 2 ) in solution so that they are available for oxidation reduction reactions (2) to 
prevent gas bubbles from reducing the electrical conductivity of the fluid as it 
flows through the electrocoagulation device and (3) allowing the evolved gasses 
to be utilized for flotation clarification upon entry to the dissolved air/gas flotation 
chamber where liquid-liquid and/or liquid-solids separation occurs. When 
dissolved air/gas flotation is used as the separation means, a riser conduit shall 
be connected to the effluent conduit before said pressure regulation device by 
means of a Tee (T) as afore mentioned at the influent riser before entry to the 
electrocoagulation device. Said effluent riser is utilized as (1) a redundant 
passive relief valve that can be set at a selected operating pressure such that the 



safe operating pressure of the electrocoagulation device is not exceeded 
preventing the release of fluids and other materials to the outside environment 
and (2) to accumulate any gasses that may have evolved such that they may be 
released as not to allow large bubbles to enter into the flotation chamber where 
they may disrupt proper flotation mechanics. 

The afore mentioned physical, mechanical separation device, (dissolved 
air/gas flotation chamber) may or may not be substituted with other physical, 
mechanical and/or organic separation means depending on the nature of the 
fluid, the undesirable matter and/or living organisms present therein, and the 
desired goals and objectives of treatment. Said physical, mechanical and/or 
organic separation means are preferably a two phase or three phase decanting 
centrifuge as used for dewatering of biological sludges and separating oil, water 
and solids, a membrane concentration system and/or a membrane bioreactor as 
used for removal of dissolved organic species, hydro cyclones as used for 
separating selected liquids-solids and liquids-liquids from soil slurries and oil field 
drilling fluids, a rotary or belt press as used for dewatering of biological sludges 
and/or a plate and frame filter press as utilized for dewatering of hazardous 
sludges. 

Important features have been broadly presented as to allow a better 
understanding of the detailed description that follows such that those skilled in 
the art may appreciate the unique contributions and engineering concepts of the 
present invention. It shall be understood by those skilled in the art that specific 
methods and structures described herein may be incorporated into differing 
designs that may be used to accomplish the same and/or similar objectives. It 
shall be understood that additional objects, if not set forth specifically herein, will 
be readily apparent to those skilled in the art from the following detailed 
description and from the drawings. 



We claim: 

(1) An apparatus and system that uses an improved design for the high pressure 
electrocoagulative treatment and subsequent removal of undesirable matter and 
organisms in suspension, in solution and/or in a stable state of emulsion in aqueous and 
viscous fluids and sludge comprising: 

> A plate and frame design utilizing hydraulic or screw type mechanical closure and 
pressure on a plurality of recessed, gasketed, non-conductive spacer plates that 
completely or partially enclose square, rectangular, offset pentagonal and 
hexagonal or rod shaped electrodes in such a way as to form chambers through 
which an aqueous and/or viscous fluid may flow and may or may not come into 
contact with the electrode surfaces and also be exposed to the electromotive force 
present therein; 

> Applying a voltage to said electrodes in such a way as to produce an alternating 
sequence of positive and negative electric potentials and thus introducing a 
continuous flow of electrical current through the aqueous and viscous fluid 
flowing through said chambers; 

> Reacting with undesirable matter and/or organisms present in suspension, in 
solution and/or in a stable state of emulsion in the aqueous and/or viscous fluid 
with material sacrificed from the electrode surfaces and/or the electromotive force 
induced by said applied voltage within the apparatus in such a way as to cause the 
destabilization of colloidal particulates and/or emulsions, the direct chemical 
replacement and precipitation of substances, the co-precipitation of substances 
and/or disrupting the osmotic interchange of fluids through permeable, semi- 
permeable and/or other membrane boundaries of undesirable living organisms 
such as bacteria, viruses and/or cysts therefore causing the implosion or explosion 
of the organisms rendering them harmless to humans, animals, insects, vegetation 
and/or the environment; Question: Polarity reversal? 

> A physical, mechanical and/or organic separation means in fluid communication 
with said apparatus via a conduit with a pressure release valve located at the point 
of entry to the mechanical separation device such that pressure is maintained 
within the apparatus and the conduit such that any evolved gasses shall be 
maintained in solution within the apparatus and the conduit such that said non- 
evolved gases shall be available for oxidation/reduction reactions with 
undesirable matter and/or organisms in solution, in suspension and/or in a stable 
state of emulsion in the aqueous and/or viscous fluid; 

> Said physical, mechanical and /or organic separation means is preferably (1) a 
dissolved air/gas flotation chamber as utilized for aqueous fluids such as water 
and wastewater, (2) a two phase and/or three phase decanting centrifuge as 
utilized for the disinfection (destruction of pathogens) and subsequent dewatering 
of biological sludge, liquefied manure and/or the separation of oil, water and 
solids, (3) a membrane concentration system and/or membrane bioreactor as 
utilized for concentrating and/or elimination of organic substances, (4) hydro 



cyclones as utilized for soil slurries and oilfield drilling fluids, (5) a rotary and/or 
belt press as utilized for dewatering biological sludge and/or (6) a plate and frame 
filter press as utilized for dewatering of hazardous sludge. 

(2) An apparatus and system as recited in claim (1), wherein the hydraulic or 
otherwise screw type mechanical closure pressure on the recessed, gasketed,, non- 
conductive spacer plates with electrodes is greater than the influent pumping 
pressure of the aqueous and/or viscous fluid being pumped through the apparatus 
such that the apparatus contains all fluids and substances within the confines of 
the chambers formed by the recessed, gasketed, non-conductive spacer plates; 

> Question: Do we need to claim slots at alternating ends of electrode plates such 
that a serpentine or sinuous path is followed by the fluid? 

> Question: intermediate electrode plates (w/o change) as voltage separators? 

(3) An apparatus and system as recited in claim (1) wherein the recessed, gasketed, 
non-conductive spacer plates posses integral supports on the edges such that the 
spacer plates with enclosed electrodes shall rest on the side rails of a square or 
rectangular elongated frame and are free to be opened and closed for electrode 
replacement and/or other maintenance of the apparatus; 

(4) An apparatus and system as recited in claim (1) that includes baffled influent and 
baffled effluent chambers and/or plates at one or both ends that may or may not 
be integral with the square or rectangular elongated frame for; <1> the addition of 
chemical reagents and/or flocculants and <2> also provides a means of fluid 
communication to an influent and/or effluent conduit that may or may not be 
within the confines of the gasketed spacer plates for aqueous and/or viscous fluids 
entering or exiting the apparatus. 

(5) An apparatus and/or system as recited in claim (4) wherein the effluent fluid 
conduit is formed by the interconnection of gasketed ports in the recessed, 
gasketed, non-conductive spacer plates. 

(6) An apparatus and/or system as recited in claim (5) (or claim 1-?) wherein the 
means of dispersing the electrical current to the electrodes is accomplished by a 
buss bar that is formed by metallic discs or rods embedded within the confines of 
the recessed, gasketed non-conductive spacer plates in such a way that they 
contact each other and the enclosed electrodes forming a continuous electrical 
conduit when closure pressure is applied to the plurality of spacer plates; 

(7) An apparatus and/or system as recited in claim (6) ( or claim 1) wherein square 
electrodes may be larger than the recessed, gasketed, non-conductive spacer plates 
such that the exposed, square corners of the electrodes may be connected to an 
external, flat buss bar by means of integral, flat clamps that snap onto and off of 
the exposed edges of said electrodes thus providing a less expensive, easily 
maintained configuration that may be used in non-explosive environments; 

(8) An apparatus and system as recited in claim (7) wherein the recessed, gasketed, 
non-conductive spacer plates are in the shape of an offset pentagram, hexagram, 
or octogram such that the square corners of the larger square electrodes may be 
exposed in such a way as to allow a flat buss bar with integral clamps to snap onto 
and off of the exposed comers or edges of the electrodes; 
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Description of the preferred Embodiment 

Referring to FIG. 1, fluids 110 collected in tank 100 are pumped through an 
interconnecting influent pipe 116 by means of a pump 115 to the high pressure, 
plate frame electrocoagulation apparatus 140. An actuated valve 125 is located 
in the interconnecting influent pipe 116 to contain fluids 110 in the collection 
tank 100 when the system is not in operation. Pump 115 is typically a 
centrifugal pump for low viscosity fluids and/or a progressive cavity pump for 
high viscosity fluids, slurries and/or sludge and is capable of variable flow rates 
and high pressures (10 to 225 psi). A riser pipe 138 is connected to the 
interconnecting influent pipe 116 at a higher elevation than the 
electrocoagulation apparatus 140 to collect any undissolved gas that may be 
present in the fluid 110 and venting said gas through pressure regulator valve 
139 preventing any undissolved gas from entering the electrocoagulation 
apparatus 140. Gases are resistive to electrical current and reduce the electrical 
conductivity of influent fluids 110 inhibiting treatment Pressure regulator valve 
139 also provides passive pressure release in the event that unsafe pressures are 
encountered. Influent pressure of the fluid 110 is monitored by the pressure 
sensor 135 which transmits a variable signal proportional to said pressure to the 
controller 130. The controller may be a computerized PLC and/or other 
configured system utilizing analog and discreet inputs and outputs for data 
logging and activating automated devices. Two injection ports 126 are connected 
to the interconnecting influent pipe 116 for the addition of chemical reagents for 



desired oxidation reduction reactions and pressurized air for evacuating fluids 
from the electrocoagulation apparatus 140 when maintenance is required. 
The electrocoagulation apparatus 140 is connected to a power supply 145 
that provides an applied voltage to said apparatus. The applied voltage may be an 
alternating, direct and/or a pulsed current. For the purposes of this discussion, the 
applied voltage shall be described as a direct current and voltage applied to the 
terminal connections 128 of the electorcoagulation apparatus 140. As the pressured 
fluid 110 flows through the electrocoagulation apparatus 140 various reactions 
occur as described in our co-pending U.S. Patent application Ser. No. 60/244,615 
and in the forthcoming details. As the pressurized fluids 110 exit the 
electrocoagulation apparatus 140, a preferred but not essential method step is the 
injection of a flocculent aid via injection port 127 to assist with subsequent 
separation methods. Pressurized fluids 110 exit the electrocoagulation apparatus 
140 by means of the interconnecting effluent pipe 117 with attached temperature 
sensor 137 which monitors the temperature of the effluent fluids 110 and transmits 
a variable signal proportional to the temperature to the controller 130. The 
interconnecting pipe 117 is connected to an actuated pressure regulator valve 154 by 
raiser pipe 153 such that the elevation of the riser pipe 153 is higher than the 
electrocoagulation apparatus 140 and the subsequent separation means 150 and 
collects any undissolved gases that may be present in the pressurized fluid 110 and 
periodically purges said gases from the system to ensure that no undissolved gases 
enter the subsequent separation means 150. The pressure regulator valve 154 also 
provides passive pressure relief in the event that unsafe pressures are encountered. 



Pressure of the effluent pressurized fluid 110 is monitored by the pressure sensor 
136 which transmits a variable signal proportional to said pressure to the controller 
130. The pressurized fluid 110 may enter a variety of physical, mechanical and/or 
organic separation means 150 through pressure regulator valve 152 and pressure on 
the fluid 110 is dissipated as separation occurs by flotation, sedimentation, filtration 
and/or centrifugal force depending on the mechanism of the physical, mechanical 
and/or organic separation means 150. Treated fluid 110 exits the separation means 
150 by means of a fluid conduit or pipe 118 connected to said separation means 150 
by actuated valve 200. Separated materials removed from the fluids 110 are 
collected in a holding vessel 159 for further disposition by a transfer pump 160. 

FIG. 2 and FIG. 3 show four elevated views of the high pressure plate and 
frame electrocoagulation apparatus 140 of the present invention. Together with 
FIG. 4, a horizontal cross section through the Z-axis viewing from the front of the 
head stock 122, details of the structure of the supporting frame become apparent to 
those skilled in the art The supporting frame of the preferred apparatus comprises 
a rectangular, solid steel head stock 122 and tail stock 124 welded to two, heavy duty 
rectangular steel tubing side rails 142 perpendicular to said head stock 122 and tail 
stock 124 forming an elongate frame above grade for supporting, positioning and 
holding closure pressure on a plurality of electrocoagulation spacer plates 300 
hereafter refereed to as ES P's (ESP's are defined in the objects of the present 
invention and shall be discussed in detail in the forthcoming text). The ESP's 300 
ride on the top of the side rails 142 of the supporting frame and may be separated or 
opened for accessing internal components and subsequently closed and pressured by 



the hydraulic closure mechanism 144 that is integrally attached to the tail stock 124 
and the push plate 146. The push plate 146 also rides on top of the side rails 142 and 
is held in a perpendicular position by two rollers 148. A spool piece 147 may or may 
not be included to allow for future expansion, different configurations of the 
apparatus and/or incorporation of multiple power supplies by segregating groups of 
ESP's 300. 

The head stock 122 of the preferred apparatus is constructed of solid steel 
providing a supporting leg for the apparatus and a means for attachment of the two 
side rails 142. Electrical contact terminals 128 are inserted through two ports 311 
near the top of the head stock 122 providing a means for the applied voltage 
supplied by the power supply 145 to contact internal components. The external 
electrical contact utilizes standard explosion proof conduit-junctions that are 
familiar to those skilled in the art. Two through wall ports 121 are located near the 
bottom corners of the head stock 122 and are in fluid communication with internal, 
effluent conduits 149 providing a means for fluids 110 to exit the apparatus. 
Although only two effluent ports 121 are shown, more may be utilized determined 
by the application. The two effluent ports 121 are connected to an effluent manifold 
123 which is in fluid communication with the interconnecting effluent pipe 117. 
Effluent temperature sensor 137 and effluent pressure sensor 136 are located in the 
interconnecting effluent pipe 117 to monitor temperature and pressure of the 
pressurized fluid 110 as it exits the apparatus and transmit variable signals 
proportional to the temperature and pressure to the controller 130. The 
interconnecting influent pipe 116 is in fluid communication with the influent feed 



pump 115 (FIG. 1) and incorporates actuated valve 125 used for segregating the 
system from the collection tank 100 and allowing the apparatus to be depressurized 
by opening pressure regulator valve 139 and/or pressure regulator valves 154 and 
152 (FIG. 1). Integral with the influent interconnecting pipe 116 are two injection 
ports 126 for the addition of chemical reagents that may or may not be utilized for 
oxidation reduction and/or other desired reactions, and air for blowing down the 
apparatus to evacuated fluids 110 from the apparatus prior to or during 
depressurization and subsequent opening for inspection and maintenances. A riser 
pipe 138 is connected to the influent interconnecting pipe 116 behind the injection 
ports 126 and before the influent conduit 325 through the head stock 122 providing 
a means of collecting any gases not in solution and purging said gases to the 
collection tank 100 to avoid inclusion of said gases in the influent pressurized fluid 
110 avoiding a reduction of electrical conductivity in the influent fluid 110. Integral 
with the riser pipe 138 are pressure regulator valve 139 and influent pressure sensor 
135 which monitors influent fluid 110 pressure and transmits a variable signal 
proportional to said pressure to the controller 130. Pressure regulator valve 139 
also provides passive pressure relief by receiving a signal from the controller 130 to 
open when a pre-set, limiting pressure is detected thereby avoiding an unsafe 
condition. 

The tail stock 124, like the head stock 122, also provides a support leg for the 
apparatus and a means of welded attachment for the two side rails 142. The tail 
stock 124 also provides a means of supporting the integrally attached hydraulic 
closure mechanism 144 for opening, closing and maintaining pressure on the closed 



stack of ESP's 300. The hydraulic closure mechanism 144 is an air operated closure 
mechanism lockable in the closed position that is capable of maintaining sufficient 
closure pressure to allow influent pumping and operating pressure of the fluid 110 
at 110 psi. Closure pressure is directly correctable to the cross sectional surface 
area of the ESP 300 stack and will vary with the size of the preferred apparatus. All 
hydraulic components and a local control panel 220 are integral with and enclosed 
within the tail stock 124 and include pneumatic and hydraulic pressure relief bypass 
means (not shown) to avoid damage to the apparatus in a malfunction condition. 
All integral, internal hydraulic components, air headers, pumps, air regulators etc. 
are accessible to the operator through an access door 143 in the tail stock 124. 

FIG. 5, 6, 10, and 16 show front and side views of ESP's of the preferred 
apparatus and together with FIG. 14, an isometric and cross-sectional view of a 
plurality of ESP's shown in a closed position without the supporting frame, and 
FIG. 7 and 17, views of electrodes 141 of the preferred apparatus, the mechanism of 
fluid 110 transport through the apparatus and distribution of the applied voltage 
throughout the apparatus will become apparent. 

ELECTROCOAGULATION SPACER PLATES (300), hereafter referred to as 
ESP's, are defined as flat, recessed, gasketed, ported devices constructed of non- 
electrically conductive materials comprising an internal cavity 305 for supporting 
and containing various shaped electrodes 141 within confined boundaries such that 
when a plurality of like devices is stacked together, an internal, elongate cavity 221 
with multiple, parallel tubular conduits is isolated within. ESP's are typically square 
and/or offset hexagonally shaped. FIG. 14 is an isometric view of a plurality of 



ESP's 300 stacked together without a supporting frame or electrodes 141 showing 
the internal elongate cavity 221 and surrounding parallel conduits 222 within. 
When flat, ported electrodes 141 are enclosed within the recessed boundaries 224 of 
the closed ESP's 300, a plurality of perpendicular chambers 223 is isolated within 
the internal, elongate cavity 221 such that fluids 110 may flow through a path 
dictated by the shape and location of any openings in the flat, enclosed electrodes 
141. In this illustration the preferred shape and location of said openings are 
rectangular ports 226 located at alternating ends therefore dictating a meandering 
or sinuous path. Said ports may be circular, rectangular, etc. and may be located at 
alternating tops and bottoms of electrodes 141, at alternating right and left sides of 
electrodes 141 and/or any combination of said locations as to dictate a meandering 
or sinuous flow pattern and/or a spiral or conical flow pattern. When an applied 
voltage is connected to the terminals 128 of the apparatus and distributed 
throughout the apparatus such that alternating positive (+) and negative (-) electric 
potentials are realized by the enclosed electrodes 141 while fluids 110 are flowing 
through the dictated sinuous path, an electric current flows from electrode 141 to 
electrode 141 and therefore through the pressurized fluid 110 circulating through 
the apparatus. 

The means of distributing the applied voltage throughout the apparatus is 
accomplished by interconnecting, metallic inserts 310 that are embedded and/or 
inserted in the upper, gasketed ports 301 of the ESP's such that when a plurality of 
ESP's 300 are closed and held together said metallic inserts 310 contact each other, 
the power contact 303 of selected electrodes 141, and the electrical terminal contacts 



128 located at the head stock 122, thereby defining a continuous electrical conduit 
(FIG.4/312) and a complete circuit for distribution of electrical power. All ports 

301 & 304 within the body of the ESP's 300 are individually contained by port 
gaskets 302 that are inserted into grooved recesses such as to hold said port gaskets 

302 in place and seal said ports 301 and 304 containing and isolating same from 
fluid intrusion as with upper electrical ports 301 and/or fluid extrusion as with the 
case of the lower fluid ports 304 used for effluent fluid conduits 149 (FIG, 4) formed 
when a plurality of ESP's are closed and held together. A peripheral gasket 307 is 
positioned within a like recessed groove located around the outer perimeter of the 
ESP's 300 thereby containing all internal cavities 305, all gasketed ports used for 
electrical purposes 301, metallic inserts used for electrical conduits 310, all gasketed 
ports used as fluid conduits 304, and pressured fluids 110 within the confines of said 
peripheral gasket 307 and ESP's 300 isolating same from the outside environment. 
ESP's may or may not be single recessed FIG. 5 and FIG. 6 meaning that the 
internal recessed boundary support 224 with rectangular recession 306 for location 
of selected electrode power contact 303, is located on only one surface for enclosing 
and positioning of one electrode 141 and/or double recessed FIG. 10 and meaning 
that the ESP's 300 contain internal recessed boundary supports 224 on both 
surfaces for enclosing and positioning of two electrodes 141. A double recessed ESP 
300 may be utilized with one powered electrode 141, using the second recessed 
boundary support 224 to position a non-powered baffle surface creating a longer 
fluid path within the apparatus for (1) increasing the dwell time (reaction time) that 
the fluid 110 being treated is exposed to the electromotive force present within the 



apparatus and (2) increasing the distance between powered electrodes 141 requiring 
a higher applied voltage resulting in increased electrolysis and increased release of 
oxygen (0 2 ) and hydroxyl (OH") ions available in solution for oxidation reduction 
reactions. When a non-powered baffle plate is incorporated in the second recessed 
boundary support 224 of a double recessed ESP 300, said baffle plate is held in 
position by pins 315, inserted parallel to the outer surface of said baffle plate and 
perpendicular to the recessed boundary support 224 edge (FIG. 10). The extended, 
rectangular recession 306 that is integral with the internal recessed boundary 
support 224 for contacting selected electrodes 141 may be located in the right 
position as shown in FIG. 5 or in the left position as show in FIG. 6 to receive the 
electrode power contact 303 of selected electrodes 141. ESP's 300 rest vertically 
within the two side rails 142 of the supporting frame by means of a slotted, integral 
support 308 using the rectangular shaped slot 309 for positioning and alignment on 
the rectangular tubing of said side rails 142. 

FIG. 8 is an isometric and front view of an influent mixing chamber plate 320 
(the isometric view omits integral supports) that may or may not be attached to the 
head stock 122. It is comprised of many like features in that there are two upper 
gasketed ports 301 used to contain metallic inserts 310 and two, lower gasketed 
ports 304 used for fluid transport, but this device does not contain and position any 
electrodes 141. The influent mixing chamber plate 320 has a centrally located 
influent conduit 325 that protrudes through the influent port 151 in the head stock 
122 and is in fluid communication with the interconnecting influent pipe 116 
thereby allowing pressurized fluids 110 to enter the apparatus. It is a hollow 



structure with internal baffles 321 oriented such that the fluid 110 direction is 
reversed when traversing through the chamber, agitating said fluid 110 to mix any 
chemical reagents that may be injected via the injection ports 126 in the 
interconnecting influent pipe 116. There is a rectangular port 322 located at the 
bottom of the back wall 323 to allow the pressurized fluid 110 to flow through. All 
tubular ports 301 and 304 extend from the front wall 324 to the back wall 323 
isolating same from the internal chamber between. The influent mixing chamber 
plate 320 is constructed of non-electrically conductive materials and isolates 
electrical contact with the head stock 122 and side rails 142 like ESP's 300. 

FIG. 9 is an isometric and front view of the effluent mixing chamber plate 
330 (the isometric view is shown without integral supports). It is so named because 
it receives fluid flow through the influent, rectangular port 335 located on the upper 
portion of the front surface 331 and redirects fluid flow to the head stock 122 of the 
apparatus via the two gasketed fluid ports 304 located at the bottom inside surface 
331. The lower, gasketed, fluid ports 304 align with like gasketed ports 304 in 
adjacent chambers thereby comprising a continuous fluid conduit 149 (FIG. 4) 
within confined boundaries isolated from the outside environment. An injection 
port 127 is located at one side where fluid flow is reversed by one of two internal 
baffles 332 for injection and flash mixing of a flocculent aid and/or chemical 
reagents. The back surface 333 of the effluent mixing chamber plate 330 is 
contacted by the push plate 146 which is connected to the hydraulic closure 
mechanism 144 providing closure pressure for the apparatus. Like the influent 
mixing chamber plate 320, the effluent mixing chamber plate 330 contains no 



electrode 141. Its purpose is to redirect fluid flow to the head stock 122, provide an 
injection means 127 for flocculent and/or chemical reagents and mix same via 
internal baffles 332, provide a means of contact to the push plate 146 and provide a 
means of electrical insulation to the supporting frame. 
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High Pressure Process and Apparatus for the Electrocoagulative treatment 

of Aqueous and Viscous Fluids 

Background of the Invention 

1. Field of the Invention 

The present invention relates to a high pressure method for the treatment of 
aqueous and viscous fluids by means of flowing through a plurality of electrically 
charged electrodes therefore destroying or otherwise rendering harmless any 
undesirable living organisms and allowing any undesirable matter present therein 
to be subsequently removed such that once treated, the fluids may be classified 
as harmless or otherwise acceptable to humans, animals, insects, vegetation and 
the environment. The invention also relates to a plate and frame apparatus 
utilizing recessed, gasketed, non-conductive spacer plates with enclosed, 
exchangeable electrodes of various designs that are suspended on a supporting, 
square, elongate frame in such a way as to allow the spacer plates with 
electrodes to be easily separated or opened to exchange the electrodes or 
perform other maintenance and subsequently closed and pressured utilizing a 
hydraulic or screw type mechanical closure device that shall maintain sufficient 
closure/operating pressure to seal the plurality of said spacer plates with 
enclosed electrodes therefore containing pressured fluids within the confines of 
the plurality of chambers formed therein. The apparatus incorporates influent 
and effluent mixing chambers (containing injection ports for chemical reagents) in 
fluid communication with conduits that may or may not be within the confines of 
said spacer plates and interconnecting influent and effluent piping allowing fluids 
to enter and exit the apparatus. Multiple mechanical separation means in fluid 
communication with the apparatus are used to subsequently separate liquids 
from liquids, liquids from solids and/or for dewatering of the fluid. 

2. Description of the Related Art 

The present invention is directed to improving methods and apparatuses for 
the treatment and/or removal of undesirable matter and/or organisms present in 
solution, in suspension and/or in a stable state of emulsion in aqueous fluids 
such that said methods and apparatuses may process said fluids at increased 
flow rates and also may process said fluids having high viscosities (biological 
sludge, soil slurries, oil field drilling fluids, etc.) in an environmentally safe, 
economical, user friendly, easily manufactured and easily maintained manner. 
Many electrocoagulative treatment methods and apparatuses have been 
described in the literature dating as far back at 1901 , Lacomme. The present 
invention incorporates unique engineering concepts that shall be apparent to 
those skilled in the art. Previous attempts to achieve engineering excellence are 
described in the forthcoming list of prior inventions and patents. 



U.S. Patent No. 3,969,245, 7/1976 issued to Ramirez discloses 
an electorcoagulation method and apparatus utilizing a cylindrical cell with 
concentrically positioned electrodes for electrolitically generating large quantities 
of gas bubbles while simultaneously flowing wastewater through the cell to form 
an embryo floe which subsequently attaches to the gas bubbles to achieve 
clarification by floatation. Ramirez vented the electrocoagulation cell to 
atmosphere to avoid build up of pressure within the cell. Current environmental 
standards dictate that fugitive air emissions are unacceptable and present 
complex permitting issues. Venting to atmosphere also limits applications in 
which an apparatus or process may be implemented due to hazardous materials 
venting to atmosphere and risk of explosion. 

U.S. Patent No. 5,928,493, 7/1999 issued to Morkovsky, et. al. relates to an 
electrocoagulation process and system for low pressure and low flow conditions 
incorporating an agitated defoam tank utilized for allowing entrained gasses to 
escape prior to entering a settling clarifier. The inclusion of a defoam tank 
increases the overall footprint, adds additional plumbing and mixing components 
and vents off gasses to atmosphere. For the afore mentioned reasons, this is 
unacceptable in many applications. The reactor cell housing with opposed 
grooved sides for retaining the electrode plates also presents problems. 
Because of the spacing of the plates, when fluid velocities reach a critical point 
the differential pressure through the reactor cell is too great and the reactor cell is 
susceptible to leaking creating house keeping issues, exposure of possible 
hazardous materials to workers and the environment and the release of off gases 
to the environment. This reactor cell design also depends on "links" which are a 
means of connecting electrical power to the electrodes. These "links" must be 
inserted between the closely spaced electrode plates and tightened by means of 
nuts, screws and/or bolts and becomes maintenance intensive when exchanging 
the electrode plates or performing other maintenance. 

German Patent Document DE 3641365 A1 , issued to Klose discusses an 
electroflotation device for purification and treatment of polluted water by flowing 
the water over bundles of iron and aluminum electrode plates. Electroflotation is 
described as a combination of chemical and physical actions whereby iron and 
aluminum are sacrificed from the anodes and (as with chemical precipitation), 
utilized as an oxide for flocculation. Electrolytic action between anodes and 
cathodes release oxygen gasses in the form of fine bubbles which enter into 
oxidation reduction reactions with substances in the water causing the 
precipitation of pollutants. Disinfection, metals removal and oil water emulsion 
splitting occurs and contaminants are removed by vacuuming floated material 
from the surface and removing bottom sediments via the sloped bottom of the 
vessel. This device utilizes a rectangular tank, again open to the atmosphere, 
non-pressured and is not applicable to viscous fluids or sludges. 



As illustrated by the background of the invention, attempts to develop 
methods and devices for the removal of contaminants from fluids shall continue 



in the future as in the past. There has been no effort thus far that provides the 
benefits, advantages and unique engineering concepts as the present invention. 
The present invention is considerably unique in comparison to conventional 
engineering concepts and in doing so offers a means of causing undesirable 
matter to precipitate or co-precipitate from suspension and/or solution, the 
destabilization of suspended colloidal material, the destabilization of emulsions, 
and the disruption of undesirable living organisms utilizing distinctively unique 
recessed, gasketed, non-conductive spacer plates to enclose and hold in a place 
a variety of shaped electrodes while containing all fluids, electrical conduits and 
fluid conduits made up of interconnecting ports sealed by gaskets and capable of 
operating at high pressures such that viscous fluids may be pumped through the 
apparatus. Additionally, the uniqueness of the apparatus contains integral mixing 
chambers and supporting frame utilizing a hydraulic mechanical closure means 
allowing ease of maintenance, cleaning, and operator safety. 



Summary off the Invention 

The present invention relates to an apparatus and method for treating 
aqueous and viscous fluids at high pressures comprising: a pump for transferring 
various fluids through an electrocoagulation device, a high pressure plate and 
frame electrocoagulation device, an effluent conduit in fluid communication with 
the electrocoagulation device incorporating a pressure regulation device and a 
physical, mechanical, and/or organic separation means connected to said 
effluent conduit before or after the pressure regulation device such that the 
pressure of the aqueous and/or viscous fluid may or may not be released through 
the physical, mechanical and/or organic separation means. 

The high pressure plate and frame electrocoagulation device of the 
present invention consists of a plurality of recessed, gasketed, non-electrically 
conductive spacer plates hereafter referred to as spacer plates with integral 
supports on the edges that contain various shaped electrodes within the 
recessed boundaries of the spacer plates. The integral supports on the edges of 
the spacer plates rest on the side rails of a square or rectangular, elongate frame 
that is supported above grade by legs such that the spacer plate stack is 
arranged in a horizontal orientation. This in no way implies that the spacer plate 
stack cannot be oriented in a vertical direction and in many applications it is 
favorable to orient the spacer plate stack in a vertical direction. The electrodes 
may or may not be made of sacrificial material including iron or aluminum such 
that the electrode material will be sacrificed at the anodes in accordance with 
Faraday's Law when a voltage is applied to said electrodes. However, it may be 
beneficial to make the electrodes of a non-sacrificial material and/or coating said 
electrodes with a non-sacrificial material when the desired effect is oxidation and 
reduction or organism/organic destruction by the electromotive force present 
within the device. Said electrodes may or may not be constructed such that they 
are slotted, perforated, pierced, crimped and/or be constructed of a porous, 
permeable or semi-permeable material. The afore mentioned spacer plates may 
or may not be constructed such that gasketed ports will align with each other 
when a plurality of spacer plates are closed against each other and pressed 
together such that the gasketed ports shall be interconnected forming conduits 
for fluid flow within the confines of an outer gasket located near the peripheral 
edge of the spacer plates. The peripheral gasket of the spacer plates contains 
all fluids, conduits and electrodes such that when closing/operating pressure is 
applied by a hydraulic mechanical closure means the system is totally isolated 
from the outside environment. The spacer plates also include highly electrically 
conductive metallic discs, rods, and/or inserts that may be embedded in the 
spacer plates or inserted through gasketed ports through the spacer plates such 
that when a plurality of said spacer plates are pressed together under 
closing/operating pressure they shall form electrical conduits by interconnecting 
with each other to distribute an applied voltage throughout the device and contact 
selected enclosed electrodes. Said electrical conduits are within the confines of 
the afore mentioned peripheral gasket such that upon closure of the spacer 
plates said electrical conduits are totally isolated from the outside environment. 
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The electrocoagulation device includes baffled influent and effluent mixing 
chambers at each end of the spacer plate stack for the addition and mixing of 
chemical reagents and/or flocculants and also provide a means of fluid 
communication between fluid conduits formed within the apparatus by the 
interconnecting ports and cavities of the spacer plates and the interconnecting 
/ piping allowing fluids to enter and exit the device. This arrangement allows for 
influent and effluent plumbing to be located on one end of the device and also 
allows for the hydraulic mechanical closure means to be located on the opposite 
end of the device so that closing/operating pressure may be applied to the 
spacer plate stack. Said closing/operating pressure shall be greater than the 
influent pumping pressure such that closure is maintained on the plate stack 
containing all fluids within the confines of the peripheral gasket of the spacer 
plates totally isolating all fluids and internal components from the outside 
environment. The influent mixing chamber may or may not be connected 
through the head stock of the supporting frame such that it is in fluid 
communication with a riser pipe connected by a tee (T). Said riser pipe shall be 
of higher elevation than the spacer plate stack and shall terminate by means of a 
pressure regulating device for the purpose of (1 ) collecting gasses that may be 
present in an influent fluid so that said gasses may be released preventing said 
gasses from entering the electrocoagulation device and thus reducing the 
electrical conductivity of said fluid and (2) providing a passive relief valve that 
may be set for a selected, maximum operating pressure such that the safe 
operating pressure of the electrocoagulation device may not be exceeded 
therefore preventing the release of hazardous and/or non-hazardous fluids 
and/or material to the outside environment. Said pressure regulating device shall 
be connected to a conduit that shall return any released fluids to the storage, 
equalization and/or collection tank or vessel containing the fluid before transfer to 
the electrocoagulation device. The two effluent conduits that may or may not 
extend through the head stock of the frame and may or may not be in fluid 
communication by means of a manifold shall connect to the interconnecting 
effluent pipe that is in fluid communication with a physical, mechanical, and/or 
organic separation means and shall be connected to said separation means 
through a pressure regulating device that maintains pressure on the 
electrocoagulation device such that gasses may not evolve as a result of 
electrolysis until pressure on the fluid is released upon entry to the separation 
device. This is done to (1) keep evolved gasses (0 2 or H 2 ) in solution so that 
they are available for oxidation reduction reactions (2) to prevent gas bubbles 
from reducing the electrical conductivity of the fluid as it flows through the 
electrocoagulation device and (3) allowing the evolved gasses to be utilized for 
flotation clarification upon entry to the dissolved air/gas flotation chamber where 
liquid-liquid and/or liquid-solids separation occurs. When dissolved air/gas 
flotation is used as the separation means, a riser conduit shall be connected to 
the effluent conduit before said pressure regulation device by means of a Tee (T) 
as afore mentioned at the influent riser before entry to the electrocoagulation 
device. Said effluent riser is utilized as (1) a redundant passive relief valve that 
can be set at a selected operating pressure such that the safe operating pressure 
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of the electrocoagulation device is not exceeded preventing the release of fluids 
and other materials to the outside environment and (2) to accumulate any gasses 
that may have evolved such that they may be released as not to allow large 
bubbles to enter into the flotation chamber where they may disrupt proper 
flotation mechanics. 

The afore mentioned physical, mechanical separation device, (dissolved 
air/gas flotation chamber) may or may not be substituted with other physical, 
mechanical and/or organic separation means depending on the nature of the 
fluid, the undesirable matter and/or living organisms present therein, and the 
desired goals and objectives of treatment. Said physical, mechanical and/or 
organic separation means are preferably a two phase or three phase decanting 
centrifuge as used for dewatering of biological sludges and separating oil, water 
and solids, a membrane concentration system and/or a membrane bioreactor as 
used for removal of dissolved organic species, hydro cyclones as used for 
separating selected liquids-solids and liquids-liquids from soil slurries and oil field 
drilling fluids, a rotary or belt press as used for dewatering of biological sludges 
and/or a plate and frame filter press as utilized for dewatering of hazardous 
sludges. 

Important features have been broadly presented as to allow a better 
understanding of the detailed description that follows such that those skilled in 
the art may appreciate the unique contributions and engineering concepts of the 
present invention. It shall be understood by those skilled in the art that specific 
methods and structures described herein may be incorporated into differing 
designs that may be used to accomplish the same and/or similar objectives. It 
shall be understood that additional objects, if not set forth specifically herein, will 
be readily apparent to those skilled in the art from the following detailed 
description and from the drawings. 
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ABSTRACT 



The present invention introduces method and apparatus comprising an improved design 
for the high pressure electrocoagulative treatment of aqueous and viscous fluids and 
sludge. The apparatus is configured as a plate and frame design utilizing hydraulic or 
screw type mechanical closure on a plurality of recessed, gasketed, non-electrically 
conductive electrocoagulation spacer plates, hereafter referred to as spacer plates, that 
completely enclose and isolate all fluids, electrical contacts, and electrodes within the 
confines of the apparatus. The spacer plates include integral supports on their edges that 
position and support said spacer plates with enclosed electrodes on top of the side rails of 
the supporting frame of the apparatus allowing said spacer plates to be separated for 
electrode replacement and maintenance and conversely closed, pressured and put into 
service. The apparatus also includes a baffled influent and effluent chamber at both ends 
for the addition and flash mixing of chemical reagents and/or flocculants and that provide 
a means of fluid communication between fluid conduits and chambers formed within the 
apparatus by the interconnection of gasketed ports and cavities located in the spacer 
plates and external conduits thus allowing fluids to enter and exit the apparatus. Various 
physical, mechanical and/or organic separation means are utilized determined by influent 
fluid characteristics and the desired goals and objectives of treatment. 



Brief Description of the Drawings: 

The preceding features and objects of the present invention and additional objects 
not listed herein may be clearly understood by those skilled in the art from the detailed 
description which follows and the drawings in which: 

FIG. 1 is a schematic, block flow diagram of the electrocoagulation method of the 
present invention. 

FIG. 2 is four elevated views of the preferred apparatus of the present invention 

FIG. 3 is a horizontal cross section of the side view of the preferred apparatus of 
the present invention. 

FIG. 4 is a front and side view of a right single recessed electrocoagulation spacer 
plate of the preferred apparatus. 

FIG. 5 is a front and side view of a left single recessed electrocoagulation spacer 
plate of the preferred apparatus. 

FIG. 6 is a view of an electrode of the preferred apparatus. 

FIG. 7 is an isometric and front view of the influent mixing chamber/plate of the 
preferred apparatus. 

FIG. 8 is an isometric and front view of the effluent mixing chamber/plate of the 
preferred apparatus. 

FIG. 9 is a front and side view of a right double recessed electrocoagulation 
spacer plate of the preferred apparatus. 

FIG. 10 is front and side view of a left double recessed electrocoagulation spacer 
plate of the preferred apparatus. 

FIG. 11 is a horizontal cross section of three, single recessed electrocoagulation 
spacer plates through the line A-A' of FIG. 4 when said spacer plates are closed and held 
together with pressure. 

FIG. 12 is a horizontal cross section of three, double recessed electrocoagulation 
spacer plates through the line B-B' of FIG. 9 when said spacer plates are closed and held 
together with pressure. 

FIG. 13 is an isometric view of a plurality of electrocoagulation spacer plates of 
the preferred apparatus shown in a closed position without the supporting frame. 

FIG. 14 is an isometric view of an external electrical buss bar attachment of the 
preferred apparatus. 

FIG. 15 is a front and side view of an offset hexagonal electrocoagulation spacer 
plate of the preferred apparatus. 

FIG. 16 is a view of an offset, hexagonal electrode of the preferred apparatus. 



We claim: 



(1) An apparatus and system that uses an improved design for the high pressure 
electrocoagulative treatment and subsequent removal of undesirable matter and 
organisms in suspension, in solution and/or in a stable state of emulsion in aqueous and 
viscous fluids and sludge comprising: 

> A plate and frame design utilizing hydraulic or screw type mechanical closure and 
pressure on a plurality of recessed, gasketed, non-conductive spacer plates that 
completely or partially enclose square, rectangular, offset pentagonal and 
hexagonal or rod shaped electrodes in such a way as to form chambers through 
which an aqueous and/or viscous fluid may flow and may or may not come into 
contact with the electrode surfaces and also be exposed to the electromotive force 
present therein; 

> Applying a voltage to said electrodes in such a way on said electrodes to produce 
an alternating sequence of positive and negative electric potentials and thus 
causing a continuous flow of electrical current through the aqueous and viscous 
fluid flowing through said chambers; 

> Reacting with undesirable matter and/or organisms present in suspension, in 
solution and/or in a stable state of emulsion in the aqueous and/or viscous fluid 
with material sacrificed from the electrode surfaces and/or the electromotive force 
produced by said applied voltage within the apparatus in such a way as to cause 
the destabilization of colloidal particulates and/or emulsions, the direct chemical 
replacement and precipitation of substances, the co-precipitation of substances 
and/or disrupting the osmotic interchange of fluids through permeable, semi- 
permeable and/or other membrane boundaries of undesirable living organisms 
such as bacteria, viruses and/or cysts therefore causing the implosion or explosion 
of said organisms rendering them harmless to humans, animals, insects, 
vegetation and/or the environment; 

> A physical, mechanical and/or organic separation means in fluid communication 
with said apparatus via a conduit with a pressure release valve located at the point 
of entry to the said separation device such that pressure is maintained within the 
apparatus and the conduit such that any evolved gasses shall be maintained in 
solution within the apparatus and the conduit such that said non-evolved gases 
shall be available for oxidation/reduction reactions with matter and/or organisms 
in solution, in suspension and/or in a stable state of emulsion in the aqueous 
and/or viscous fluid; 

> Said physical, mechanical and /or organic separation means is preferably (1) a 
dissolved air/gas flotation chamber as utilized for aqueous fluids such as water 
and wastewater, (2) a two phase and/or three phase decanting centrifuge as 
utilized for the disinfection (destruction of pathogens) and subsequent dewatering 
of biological sludge, liquefied manure and/or the separation of oil, water and 
solids, (3) a membrane concentration system and/or membrane bioreactor as 
utilized for concentrating and/or elimination of organic substances, (4) hydro 
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cyclones as utilized for soil slurries and oilfield drilling fluids, (5) a rotary and/or 
belt press as utilized for dewatering biological sludge and/or (6) a plate and frame 
filter press as utilized for dewatering of hazardous sludge. 

(2) An apparatus and system as recited in claim (1), wherein the hydraulic or 
otherwise screw type mechanical closure pressure on the recessed, gasketed,, non- 
conductive spacer plates with electrodes is greater than the influent pumping 
pressure of the aqueous and/or viscous fluid being pumped through the apparatus 
such that the apparatus contains all fluids and substances within the confines of 
the chambers formed by the recessed, gasketed, non-conductive spacer plates; 

> Question: Do we need to claim slots at alternating ends of electrode plates such 
that a serpentine or sinuous path is followed by the fluid? 

(3) An apparatus and system as recited in claim (1) wherein the recessed, gasketed, 
non-conductive spacer plates posses integral supports on the edges such that the 
spacer plates with enclosed electrodes shall rest on the side rails of a square or 
rectangular elongated frame and are free to be opened and closed for electrode 
replacement and/or other maintenance of the apparatus; 

(4) An apparatus and system as recited in claim (1) that includes baffled influent and 
baffled effluent chambers and/or plates at both ends that may or may not be 
integral with the square or rectangular elongated frame for; <1> the addition and 
flash mixing of chemical reagents and/or flocculants and <2> also provides a 
means of fluid communication to an influent and/or effluent conduit that may or 
may not be within the confines of the gasketed spacer plates for aqueous and/or 
viscous fluids entering or exiting the apparatus. 

(5) An apparatus and/or system as recited in claim (4) wherein the effluent fluid 
conduit is formed by the interconnection of gasketed ports in the recessed, 
gasketed, non-conductive spacer plates. 

(6) An apparatus and/or system as recited in claim (5) (or claim 1-?) wherein the 
means of dispersing the electrical current to the electrodes and throughout the 
apparatus is accomplished by an internal electrical conduit that is formed by 
metallic inserts embedded within the confines or inserted thru gasketed ports of 
the recessed, gasketed non-conductive spacer plates in such a way that they 
contact each other and the enclosed electrodes forming a continuous electrical 
conduit when closure pressure is applied to a plurality of spacer plates with 
enclosed electrodes; 

(7) An apparatus and/or system as recited in claim (6) ( or claim 1) wherein offset, 
hexagonal electrodes may be larger than the recessed, gasketed, non-conductive 
spacer plates such that the exposed, edges of the electrodes may be connected to 
an external, flat buss bar by means of integral, flat clamps that snaps onto and off 
of the exposed edges of said electrodes thus providing a less expensive, easily 
maintained configuration that may be used in non-explosive environments; 

(8) An apparatus and system as recited in claim (7) wherein the recessed, gasketed, 
non-conductive spacer plates are in the shape of an offset pentagram and/or 
hexagram, such that the edges of the larger electrodes may be exposed in such a 
way as to allow a flat buss bar with integral clamps to snap onto and off of the 
exposed corners or edges of the electrodes. 
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(9) An electrocoagulation spacer plate hereby defined as a recessed, gasketed, non- 
electrically conductive, usually square or offset hexagonally shaped plate of 
sufficient thickness that may (1) contain a variety of shaped electrodes within a 
recessed boundary such as to hold and position said electrodes in a specific 
orientation, (2) contains multiple, integral, gasketed ports that shall align with like 
gasketed ports in adjacent spacer plates on either side forming internal fluid 
conduits perpendicular to the vertical axis of said spacer plate when a plurality of 
said spacer plates are closed and held together, (3) contains multiple, integral, 
gasketed ports that shall align with like gasketed ports in adjacent spacer plates on 
either side containing metallic inserts embedded or inserted in said ports, that 
shall contact other said metallic inserts and/or enclosed electrodes therein forming 
a continuous electrical conduit perpendicular to the vertical axis of said spacer 
plate when a plurality of said spacer plates are closed and held together and (4) 
contains a peripheral gasket near the outer perimeter of said spacer plate that 
surrounds and contains all enclosed electrodes and all enclosed, gasketed fluid 
and electrical conduits within the confines of said spacer plate when a plurality of 
said spacer plates are closed and held together therefore isolating said electrodes, 
fluid conduits, electrical conduits, fluids and other matter and substances from the 
outside environment. Said electrocoagulation spacer plates may or may not be 
recessed and gasketed on one and/or both sides and have slotted, positioning 
supports integral to the edges that rest on the side rails of a square and/or 
rectangular, elongated frame. 
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Description of the Preferred Embodiment 

Referring to FIG. 1, fluids 110 collected in tank 100 are pumped through an 
interconnecting influent pipe 116 by means of a pump 115 to the high pressure, 
plate frame electrocoagulation apparatus 140. An actuated valve 125 is located 
in the interconnecting influent pipe 116 to contain fluids 110 in the collection 
tank 100 when the system is not in operation. Pump 115 is typically a 
centrifugal pump for low viscosity fluids and/or a progressive cavity pump for 
high viscosity fluids, slurries and/or sludge and is capable of variable flow rates 
and high pressures (10 to 225 psi). A riser pipe 138 is connected to the 
interconnecting influent pipe 116 at a higher elevation than the 
electrocoagulation apparatus 140 to collect any undissolved gas that may be 
present in the fluid 110 and venting said gas through pressure regulator valve 
139 preventing any undissolved gas from entering the electrocoagulation 
apparatus 140. Gases are resistive to electrical current and reduce the electrical 
conductivity of influent fluids 110 inhibiting treatment. Pressure regulator valve 
139 also provides passive pressure release in the event that unsafe pressures are 
encountered. Influent pressure of the fluid 110 is monitored by the pressure 
sensor 135 which transmits a variable signal proportional to said pressure to the 
controller 130. The controller may be a computerized PLC and/or other 
configured system utilizing analog and discreet inputs and outputs for data 
logging and activating automated devices. Two injection ports 126 are connected 
to the interconnecting influent pipe 116 for the addition of chemical reagents for 



desired oxidation reduction reactions and pressurized air for evacuating fluids 
from the electrocoagulation apparatus 140 when maintenance is required. 
The electrocoagulation apparatus 140 is connected to a power supply 145 
that provides an applied voltage to said apparatus. The applied voltage may be an 
alternating, direct and/or a pulsed current For the purposes of this discussion, the 
applied voltage shall be described as a direct current and voltage applied to the 
terminal connections 128 of the electorcoagulation apparatus 140. As the pressured 
fluid 110 flows through the electrocoagulation apparatus 140 various reactions 
occur as described in our co-pending U.S. Patent application Ser. No. 60/244,615 
and in the forthcoming details. As the pressurized fluids 110 exit the 
electrocoagulation apparatus 140, a preferred but not essential method step is the 
injection of a flocculent aid via injection port 127 to assist with subsequent 
separation methods. Pressurized fluids 110 exit the electrocoagulation apparatus 
140 by means of the interconnecting effluent pipe 117 with attached temperature 
sensor 137 which monitors the temperature of the effluent fluids 110 and transmits 
a variable signal proportional to the temperature to the controller 130. The 
interconnecting pipe 117 is connected to an actuated pressure regulator valve 154 by 
raiser pipe 153 such that the elevation of the riser pipe 153 is higher than the 
electrocoagulation apparatus 140 and the subsequent separation means 150 and 
collects any undissolved gases that may be present in the pressurized fluid 110 and 
periodically purges said gases from the system to ensure that no undissolved gases 
enter the subsequent separation means 150. The pressure regulator valve 154 also 
provides passive pressure relief in the event that unsafe pressures are encountered. 



Pressure of the effluent pressurized fluid 110 is monitored by the pressure sensor 
136 which transmits a variable signal proportional to said pressure to the controller 
130. The pressurized fluid 110 may enter a variety of physical, mechanical and/or 
organic separation means 150 through pressure regulator valve 152 and pressure on 
the fluid 110 is dissipated as separation occurs by flotation, sedimentation, filtration 
and/or centrifugal force depending on the mechanism of the physical, mechanical 
and/or organic separation means 150, Treated fluid 110 exits the separation means 
150 by means of a fluid conduit or pipe 118 connected to said separation means 150 
by actuated valve 200. Separated materials removed from the fluids 110 are 
collected in a holding vessel 159 for further disposition by a transfer pump 160. 

FIG. 2 and FIG. 3 show four elevated views of the high pressure plate and 
frame electrocoagulation apparatus 140 of the present invention. Together with 
FIG. 4, a horizontal cross section through the Z-axis viewing from the front of the 
head stock 122, details of the structure of the supporting frame become apparent to 
those skilled in the art The supporting frame of the preferred apparatus comprises 
a rectangular, solid steel head stock 122 and tail stock 124 welded to two, heavy duty 
rectangular steel tubing side rails 142 perpendicular to said head stock 122 and tail 
stock 124 forming an elongate frame above grade for supporting, positioning and 
holding closure pressure on a plurality of electrocoagulation spacer plates 300 
hereafter refereed to as ES P's (ESP's are defined in the objects of the present 
invention and shall be discussed in detail in the forthcoming text). The ESP's 300 
ride on the top of the side rails 142 of the supporting frame and may be separated or 
opened for accessing internal components and subsequently closed and pressured by 



the hydraulic closure mechanism 144 that is integrally attached to the tail stock 124 
and the push plate 146. The push plate 146 also rides on top of the side rails 142 and 
is held in a perpendicular position by two rollers 148. A spool piece 147 may or may 
not be included to allow for future expansion, different configurations of the 
apparatus and/or incorporation of multiple power supplies by segregating groups of 
ESP's 300. 

The head stock 122 of the preferred apparatus is constructed of solid steel 
providing a supporting leg for the apparatus and a means for attachment of the two 
side rails 142. Electrical contact terminals 128 are inserted through two ports 311 
near the top of the head stock 122 providing a means for the applied voltage 
supplied by the power supply 145 to contact internal components. The external 
electrical contact utilizes standard explosion proof conduit-junctions that are 
familiar to those skilled in the art. Two through wall ports 121 are located near the 
bottom corners of the head stock 122 and are in fluid communication with internal, 
effluent conduits 149 providing a means for fluids 110 to exit the apparatus. 
Although only two effluent ports 121 are shown, more may be utilized determined 
by the application. The two effluent ports 121 are connected to an effluent manifold 
123 which is in fluid communication with the interconnecting effluent pipe 117. 
Effluent temperature sensor 137 and effluent pressure sensor 136 are located in the 
interconnecting effluent pipe 117 to monitor temperature and pressure of the 
pressurized fluid 110 as it exits the apparatus and transmit variable signals 
proportional to the temperature and pressure to the controller 130. The 
interconnecting influent pipe 116 is in fluid communication with the influent feed 



pump 115 (FIG. 1) and incorporates actuated valve 125 used for segregating the 
system from the collection tank 100 and allowing the apparatus to be depressurized 
by opening pressure regulator valve 139 and/or pressure regulator valves 154 and 
152 (FIG. 1). Integral with the influent interconnecting pipe 116 are two injection 
ports 126 for the addition of chemical reagents that may or may not be utilized for 
oxidation reduction and/or other desired reactions, and air for blowing down the 
apparatus to evacuated fluids 110 from the apparatus prior to or during 
depressurization and subsequent opening for inspection and maintenances. A riser 
pipe 138 is connected to the influent interconnecting pipe 116 behind the injection 
ports 126 and before the influent conduit 325 through the head stock 122 providing 
a means of collecting any gases not in solution and purging said gases to the 
collection tank 100 to avoid inclusion of said gases in the influent pressurized fluid 
110 avoiding a reduction of electrical conductivity in the influent fluid 110. Integral 
with the riser pipe 138 are pressure regulator valve 139 and influent pressure sensor 
135 which monitors influent fluid 110 pressure and transmits a variable signal 
proportional to said pressure to the controller 130. Pressure regulator valve 139 
also provides passive pressure relief by receiving a signal from the controller 130 to 
open when a pre-set, limiting pressure is detected thereby avoiding an unsafe 
condition. 

The tail stock 124, like the head stock 122, also provides a support leg for the 
apparatus and a means of welded attachment for the two side rails 142. The tail 
stock 124 also provides a means of supporting the integrally attached hydraulic 
closure mechanism 144 for opening, closing and maintaining pressure on the closed 



stack of ESP's 300. The hydraulic closure mechanism 144 is an air operated closure 
mechanism lockable in the closed position that is capable of maintaining sufficient 
closure pressure to allow influent pumping and operating pressure of the fluid 110 
at 110 psi. Closure pressure is directly correctable to the cross sectional surface 
area of the ESP 300 stack and will vary with the size of the preferred apparatus. All 
hydraulic components and a local control panel 220 are integral with and enclosed 
within the tail stock 124 and include pneumatic and hydraulic pressure relief bypass 
means (not shown) to avoid damage to the apparatus in a malfunction condition. 
All integral, internal hydraulic components, air headers, pumps, air regulators etc. 
are accessible to the operator through an access door 143 in the tail stock 124. 

FIG. 5, 6, 10, and 16 show front and side views of ESP's of the preferred 
apparatus and together with FIG. 14, an isometric and cross-sectional view of a 
plurality of ESP's shown in a closed position without the supporting frame, and 
FIG. 7 and 17, views of electrodes 141 of the preferred apparatus, the mechanism of 
fluid 110 transport through the apparatus and distribution of the applied voltage 
throughout the apparatus will become apparent. 

ELECTROCOAGULATION SPACER PLATES (300), hereafter referred to as 
ESP's, are defined as flat, recessed, gasketed, ported devices constructed of non- 
electrically conductive materials comprising an internal cavity 305 for supporting 
and containing various shaped electrodes 141 within confined boundaries such that 
when a plurality of like devices is stacked together, an internal, elongate cavity 221 
with multiple, parallel tubular conduits is isolated within. ESP's are typically square 
and/or offset hexagonally shaped. FIG. 14 is an isometric view of a plurality of 



ESP's 300 stacked together without a supporting frame or electrodes 141 showing 
the internal elongate cavity 221 and surrounding parallel conduits 222 within. 
When flat, ported electrodes 141 are enclosed within the recessed boundaries 224 of 
the closed ESP's 300, a plurality of perpendicular chambers 223 is isolated within 
the internal, elongate cavity 221 such that fluids 110 may flow through a path 
dictated by the shape and location of any openings in the flat, enclosed electrodes 
141. In this illustration the preferred shape and location of said openings are 
rectangular ports 226 located at alternating ends therefore dictating a meandering 
or sinuous path. Said ports may be circular, rectangular, etc. and may be located at 
alternating tops and bottoms of electrodes 141, at alternating right and left sides of 
electrodes 141 and/or any combination of said locations as to dictate a meandering 
or sinuous flow pattern and/or a spiral or conical flow pattern. When an applied 
voltage is connected to the terminals 128 of the apparatus and distributed 
throughout the apparatus such that alternating positive (+) and negative (-) electric 
potentials are realized by the enclosed electrodes 141 while fluids 110 are flowing 
through the dictated sinuous path, an electric current flows from electrode 141 to 
electrode 141 and therefore through the pressurized fluid 110 circulating through 
the apparatus. 

The means of distributing the applied voltage throughout the apparatus is 
accomplished by interconnecting, metallic inserts 310 that are embedded and/or 
inserted in the upper, gasketed ports 301 of the ESP's such that when a plurality of 
ESP's 300 are closed and held together said metallic inserts 310 contact each other, 
the power contact 303 of selected electrodes 141, and the electrical terminal contacts 



128 located at the head stock 122, thereby defining a continuous electrical conduit 
(FIG.4/312) and a complete circuit for distribution of electrical power. All ports 

301 & 304 within the body of the ESP's 300 are individually contained by port 
gaskets 302 that are inserted into grooved recesses such as to hold said port gaskets 

302 in place and seal said ports 301 and 304 containing and isolating same from 
fluid intrusion as with upper electrical ports 301 and/or fluid extrusion as with the 
case of the lower fluid ports 304 used for effluent fluid conduits 149 (FIG. 4) formed 
when a plurality of ESP's are closed and held together. A peripheral gasket 307 is 
positioned within a like recessed groove located around the outer perimeter of the 
ESP's 300 thereby containing all internal cavities 305, all gasketed ports used for 
electrical purposes 301, metallic inserts used for electrical conduits 310, all gasketed 
ports used as fluid conduits 304, and pressured fluids 110 within the confines of said 
peripheral gasket 307 and ESP's 300 isolating same from the outside environment. 
ESP's may or may not be single recessed FIG. 5 and FIG. 6 meaning that the 
internal recessed boundary support 224 with rectangular recession 306 for location 
of selected electrode power contact 303, is located on only one surface for enclosing 
and positioning of one electrode 141 and/or double recessed FIG. 10 and meaning 
that the ESP's 300 contain internal recessed boundary supports 224 on both 
surfaces for enclosing and positioning of two electrodes 141. A double recessed ESP 
300 may be utilized with one powered electrode 141, using the second recessed 
boundary support 224 to position a non-powered baffle surface creating a longer 
fluid path within the apparatus for (1) increasing the dwell time (reaction time) that 
the fluid 110 being treated is exposed to the electromotive force present within the 



apparatus and (2) increasing the distance between powered electrodes 141 requiring 
a higher applied voltage resulting in increased electrolysis and increased release of 
oxygen (O2) and hydroxyl (OH") ions available in solution for oxidation reduction 
reactions. When a non-powered baffle plate is incorporated in the second recessed 
boundary support 224 of a double recessed ESP 300, said baffle plate is held in 
position by pins 315, inserted parallel to the outer surface of said baffle plate and 
perpendicular to the recessed boundary support 224 edge (FIG. 10). The extended, 
rectangular recession 306 that is integral with the internal recessed boundary 
support 224 for contacting selected electrodes 141 may be located in the right 
position as shown in FIG. 5 or in the left position as show in FIG. 6 to receive the 
electrode power contact 303 of selected electrodes 141. ESP's 300 rest vertically 
within the two side rails 142 of the supporting frame by means of a slotted, integral 
support 308 using the rectangular shaped slot 309 for positioning and alignment on 
the rectangular tubing of said side rails 142. 

FIG. 8 is an isometric and front view of an influent mixing chamber plate 320 
(the isometric view omits integral supports) that may or may not be attached to the 
head stock 122. It is comprised of many like features in that there are two upper 
gasketed ports 301 used to contain metallic inserts 310 and two, lower gasketed 
ports 304 used for fluid transport, but this device does not contain and position any 
electrodes 141. The influent mixing chamber plate 320 has a centrally located 
influent conduit 325 that protrudes through the influent port 151 in the head stock 
122 and is in fluid communication with the interconnecting influent pipe 116 
thereby allowing pressurized fluids 110 to enter the apparatus. It is a hollow 



structure with internal baffles 321 oriented such that the fluid 110 direction is 
reversed when traversing through the chamber, agitating said fluid 110 to mix any 
chemical reagents that may be injected via the injection ports 126 in the 
interconnecting influent pipe 116. There is a rectangular port 322 located at the 
bottom of the back wall 323 to allow the pressurized fluid 110 to flow through. All 
tubular ports 301 and 304 extend from the front wall 324 to the back wall 323 
isolating same from the internal chamber between. The influent mixing chamber 
plate 320 is constructed of non-electrically conductive materials and isolates 
electrical contact with the head stock 122 and side rails 142 like ESP's 300. 

FIG. 9 is an isometric and front view of the effluent mixing chamber plate 
330 (the isometric view is shown without integral supports). It is so named because 
it receives fluid flow through the influent, rectangular port 335 located on the upper 
portion of the front surface 331 and redirects fluid flow to the head stock 122 of the 
apparatus via the two gasketed fluid ports 304 located at the bottom inside surface 
331. The lower, gasketed, fluid ports 304 align with like gasketed ports 304 in 
adjacent chambers thereby comprising a continuous fluid conduit 149 (FIG. 4) 
within confined boundaries isolated from the outside environment An injection 
port 127 is located at one side where fluid flow is reversed by one of two internal 
baffles 332 for injection and flash mixing of a flocculent aid and/or chemical 
reagents. The back surface 333 of the effluent mixing chamber plate 330 is 
contacted by the push plate 146 which is connected to the hydraulic closure 
mechanism 144 providing closure pressure for the apparatus. Like the influent 
mixing chamber plate 320, the effluent mixing chamber plate 330 contains no 



electrode 141. Its purpose is to redirect fluid flow to the head stock 122, provide an 
injection means 127 for flocculent and/or chemical reagents and mix same via 
internal baffles 332, provide a means of contact to the push plate 146 and provide a 
means of electrical insulation to the supporting frame. 



Therefore it is an object of the present invention to provide a new and improved 
electrocoagulation method and apparatus for the high pressure treatment of aqueous 
and/or viscous fluids while containing all fluids, fluid conduits, and electrical conduits 
within the boundaries of said apparatus isolating said fluids and conduits from the outside 
environment. 

It is another object of the present invention to provide a new and improved high 
pressure electrocoagulation method and apparatus that is easily manufactured with a 
means of easily accessing internal and external components for electrode replacement 
and other maintenance. 

It is another object of the present invention to provide a new and improved high 
pressure electrocoagulation method and apparatus that incorporates best engineering 
practices thus establishing process and equipment confidence and acceptability for access 
to a variety of applications, markets and environments. 

It is another object of the present invention to provide a new and improved high 
pressure electrocoagulation method and apparatus incorporating a plate and frame design 
construction that is easily manufactured and easily maintained. 

It is another object of the present invention to provide a new and improved 
electrocoagulation spacer plate design that (1) is constructed of a non-electrically 
conductive material and shall contain various shaped electrodes within a recessed 
boundary such as to hold and position said electrodes in a specific orientation (2) contains 
integral, gasketed ports that shall align with like gasketed ports in adjacent spacer plates 
forming internal fluid conduits when a plurality of said spacer plates are closed and held 
together (3) contains integral, gasketed ports that shall align with like gasketed ports in 
adjacent spacer plates such that when metallic inserts are embedded or inserted in said 
ports, said metallic inserts shall form an internal electrical conduit when a plurality of 
said spacer plates are closed and held together and (4) contains a peripheral gasket near 
the outer perimeter of said spacer plates such that when a plurality of said spacer plates 
are closed and held together said peripheral gasket surrounds and contains all enclosed 
electrodes, all enclosed, gasketed fluid and electrical conduits and all fluids therefore 
containing and isolating same from the outside environment. 

It is another object of the present invention to provide a new and improved high 
pressure electrocoagulation apparatus comprising an elongated, square, rectangular frame 
for supporting a plurality of spacer plates with enclosed electrodes and conduits having 
an integral hydraulic means for applying and releasing closure pressure on said plurality 
of spacer plates allowing the apparatus to be easily opened for maintenance and 
subsequently, easily closed with sufficient pressure to ensure containment and isolation 
of all fluids and conduits within the confines of the apparatus. 

It is another object of the present invention to provide a new and improved high 
pressure electrocoagulation method and apparatus to provide an influent and effluent 
chamber for reagent mixing and directing fluid flow to allow all plumbing to be located 
at one end of the apparatus and to allow said hydraulic/ mechanical closure means to be 
located at the opposite end of the apparatus. 

It is another object of the present invention to provide a new and improved high 
pressure electrocoagulation method and apparatus that provides a variety of physical, 
mechanical and/or organic separation means to subsequently remove materials, said 
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separating means shall be determined by the application, influent characteristics and 
goals of treatment. 

It is another object of the present invention to provide an alternate, less expensive 
electrocoagulation apparatus comprising an external electrical conduit with integral 
attachment means for attachment to the electrodes for applications in a non-hazardous 
environment (ie. non-explosion proof). 

It is another objective of the present invention to provide an alternate, less 
expensive electrocoagulation apparatus comprising external fluid conduits in fluid 
communication with the influent and effluent mixing chambers of the apparatus via an 
external manifold. 

It is another object of the present invention to provide a new and improved high 
pressure electrocoagulation apparatus that incorporates the four mechanisms of 
disinfection and in so doing satisfies the requirements of a process to further reduce 
pathogens (PFRP). 
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HIGH PRESSURE PROCESS AND APPARATUS FOR THE 
ELECTROCOAGULATIVE TREATMENT OF AQUEOUS AND VISCOUS FLUIDS 

PROVISIONAL PATENT APPLICATION 



Inventors: Tom Gus Gavrel Docket No. : 027 1KR.04455 1 
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Assignee: Ecolotron, Inc. 
Background of the Invention 

Field of the Invention 

{©OGtfThe present invention relates to a high pressure method and apparatus for the treatment of 
10 aqueous and-or viscous fluids by m e ans of flowing through a plurality of e lectrically charg e d 
electrodes therefore to destroying or otherwise rendering harmless any undesirable living 
organisms in the fluids. A method and apparatus for removal of and allowing any undesirable 
matter pror . ont ther e in to b e subsequen tly r e mov e d such that onc e to treate dment is included.r -the 
fluids may be classifi e d as harmless or otherwise acceptabl e to humans, animals, ins e cts, 
15 v e g e tation and the e nvironm e nt . Th e inv e ntion also r e lat e s to a plate and fram e apparatus 
utilizing r e c e ssed, gaskotcd, non conductive spac e r plat e s with e nclosed, e xchang e abl e 
electrodes of various designs that ar e susp e nd e d on a supporting, squar e , e longate fram e in such 
a way as to allow th e spac e r plat e s with e l e ctrodes to b e e asily s e parat e d or opened to e xchang e 
the electrod e s or perform oth e r maint e nanc e and subs e qu e ntly clos e d and pr e ssured utilizing a 
20 hydraulic — er — scr e w — type — mechanical — closur e — devic e — feat — sfeaH — maintain — suffici e nt 
closur e /operating pr e ssur e to seal th e plurality of said spac e r plat e s with enclos e d e lectrod e s 



therefore containing pressured fluids within th e confin e s of the plurality of chambers formed 
ther e in. The apparatus incorporates influ e nt and effluent mixing chamb e rs (containing injection 
ports for ch e mical reag e nts) in fluid communication with conduits that may or may not be within 
the confines of said spacer plates and int e rconn e cting influ e nt and e ffluent piping allowing fluids 
to e nt e r and exit th e apparatus. Multiple m e chanical s e paration m e ans in fluid communication 
with th e apparatus ar e us e d to subs e qu e ntly s e parate liquids from liquids, liquids from solids 
and/or for d e wat e ring of th e fluid. 

[00011 Description of the Related Art 

[0002] Various met h ods and apparatus are currently used The present invention is directed to 
improving m e thods and apparatuses for the treatment and/or removal of undesirable matter 
and/er organisms present in solution, in suspension m4k>T in a stable state of emulsion in 
aqueous fluids such that saidthe methods and apparatuses may process saidthe fluids at increased 
flow rates and also may process said-fluids having high viscosities (biological sludge, soil 
slurries, oil field drilling fluids, etc.) in an environmentally safe, economical, user friendly, easily 
manufactured and easily maintained manner. S pecific Maav electrocoagulative treatment 
methods and apparatuses have been described in the literature . An example is Lacomme. 1901. 
[Gus. please provid e the full cite and a copy of this refere nce so t hat we can determine if it is 
pertinent.! datine as far back at 190L Lacomme . The pr e sent inv e ntion incorporates uniqu e 
engin e ering concepts that shall b e apparent to those skill e d in th e art. — Previous att e mpts to 
achiev e engin ee ring exc e ll e nce are d e scribed in th e forthcoming list of prior invention s and 
pat e nts. 
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[0003] U.S. Patent No. 3,969,245; — 7/1976 issued to Ramirez discloses an electorcoagulation 
method and apparatus utilizing a cylindrical cell with concentrically positioned electrodes for 
electrolitically generating large quantities of gas bubbles while simultaneously flowing 
wastewater through the cell to form an embryo floe . The embrvo floc- whieh subsequently 
attaches to the gas bubbles to achieve clarification by floatation. Ramirez ventged the 
electrocoagulation cell to the_ atmosphere to avoid build up of pressure within the cell. One 
shortcoming of the Ramirez teaching is that c Gurrent environmental standards dictate that 
fugitive air emissions are unacceptable and present complex permitting issues. Venting to 
atmosphere also limits applications in which an apparatus or process may be implemented due to 
10 hazardous materials venting to atmosphere and risk of explosion. 

[0004] U.S. Patent No. 5,928,493; — 7/1999 issued to Morkovsky, et. al. relates to an 
electrocoagulation process and system for low pressure and low flow sterlization conditions 
incorporating an agitated defoam tank utilized for allowing entrained gassesga§gg to escape prior 
to entering a settling clarifier. The requirement inclusion of a defoam tank increases the overall 
15 footprint of the apparatus , adds additional plumbing and mixing components and vents off 
gasses gases to atmosphere. For th e afore mentioned r e asons, t lhis is unacceptable in many 
applications. The reactor cell housing of Morkowskv w ii hincludes opposed grooved sides for 
retaining the electrode plates . This limits the application to low pressure conditions.-also 
pr e sents probl e ms. Because of the spacing of the plates, when fluid velocities reach a critical 
20 point the differential pressure through the reactor cell is too great and the reactor cell is 
susceptible to leaking creating house keeping issues, exposure of possible hazardous materials to 
workers and the environment and the release of off gases to the environment. Thei s Morkowsky 
reactor cell design is mechanically comnlex alse dependsing on "links" which are a means of 

Houston\1475608.1 

Page 3 of 30 



connecting electrical power to the electrodes. These "links" must be inserted between the 
closely spaced electrode plates and tightened by means of nuts, screws and/or bolts and becomes 
maintenance intensive when exchanging the electrode plates or performing other maintenance. 

[0005] German Patent Document DE 3641365 Al, issued to Klose discusses an electroflotation 
device for purification and treatment of polluted water by flowing the water over bundles of iron 
and aluminum electrode plates. Electroflotation is described as a combination of chemical and 
physical actions whereby iron and aluminum are sacrificed from the anodes and (as with 
chemical precipitation), utilized as an oxide for flocculation. Electrolytic action between anodes 
and cathodes release oxygen gasses gases in the form of fine bubbles which enter into oxidation 
reduction reactions with substances in the water causing the precipitation of pollutants. 
Disinfection, metals removal and oil—water emulsion splitting occurs and contaminants are 
removed by vacuuming floated material from the surface and removing bottom sediments via the 
sloped bottom of the vessel. This device utilizes a rectangular tank, again open to the 
atmosphere, non-pressured and is not applicable to viscous fluids or sludges. 

[0007] As illustrated by the background of the invention, attempts to develop methods and 
devices for the removal of contaminants from fluids have focused on low pressure electrolytic 
dgykg^ shall continue in th e futur e as in the past. It would be advantageous for an apparatus to 
accommodate high pressure and/or high flow during the treatment process of the sludge or other 
viscous materials. Th e r e has b e en no effort thus far that provid e s th e b e nefits, advantages and 
uniqu e e ngin e ering conc e pts as th e pres e nt invention. — Th e pr e sent inv e ntion is considerably 
uniqu e in comparison It would be advantageous to conventional e ngine e ring conc e pts and in 
doing so offers a m e ans oft s causging undesirable matter to precipitate or co-precipitate from 
suspension and/or solution, the — destabilizgatieft — ef suspended colloidal material, the 
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destabilizg ation of emulsions, g rand th e disrupt ion of undesirable living organisms to treat fluid. 
It would be advantageous to use utilizing distinctiv e ly uniqu e recess e d, gask e t e d. non conductive 
spacer plates to enclose and hold in a plac e a variety of shaped electrodes while containing all 
fluids, electrical conduits and fluid conduits separatel vmade up of interconnecting ports seal e d 
by gaskets and capabl e of operating at high pressur e s such that viscous fluids may be pumped 
through the apparatus. It would also be advantageous for an apparatus to contain Additionally, 
the uniqueness of the apparatus contains integral mixing chambers . A hydraulic mechanical 
closure means would also be advantageous. and supporting frame utilizing a hydraulic 
m e chanical closur e m e ans allowing eas e of maintenanc e , cleaning, and operator safety. 

10 [0006] Therefor e it is an obj e ct of the pr e s e nt invention to provid e a new and improv e d 
nlnrtrnmnnrnlntion m e thod and apparatus for th e It would be advantageous to allow high pressure 
treatment of aqueous and/or viscous fluids while containing all fluids, fluid conduits, and 
electrical conduits within the boundaries of said§n apparatus isolating saktthe fluids and conduits 
from the outside environment. 

15 [0009]It is another object of the present invention to provid e a n e w and improved high pressure 
e lectrocoagulation m e thod and apparatus that is easily manufactured with a means of e asily 
acc e ssing internal and e xt e rnal compon e nts for electrode r e plac e ment and other maint e nanc e . 

[0010]It is another object of th e pres e nt inv e ntion to provid e a n e w and improv e d high pr e ssur e 
electrocoagulation method and apparatus that incorporates b e st engin e ering practices thus 
20 establishing proc e ss and equipm e nt confidenc e and acceptability for access to a variety of 
applications, markets and e nvironm e nts. 
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[OOlljlt is another object of the pr e s e nt inv e ntion to provid e a n e w and improved high pr e ssure 
el e ctrocoagulation method and apparatus incorporating a plat e and frame design construction 
that i s easily manufactured and easily maintained, 

[0012]It is anoth e r obj e ct of th e pres e nt inv e ntion to provid e a n e w and improved 
5 electrocoagulation spacer plat e d e sign that (1) is constructed of a non electrically conductiv e 
material and shall contain various shaped e l e ctrod e s within a r e cessed boundary such as to hold 
and position said electrodes in a sp e cific orientation (2) contains int e gral, gask e ted ports that 
shall align with lik e gask e t ed ports in adjac e nt spac e r plates forming int e rnal fluid conduits wh e n 
a plurality of said spac e r plates are closed and held togeth e r (3) contains int e gral, gasketed ports 

10 that shall align with lik e gask e t e d ports in adjac e nt spac e r plates such that when metallic in se rts 
are embedded or ins e rted in said ports, said m e tallic ins e rts shall fonn an int e rnal e l e ctrical 
conduit wh e n a plurality of said spac e r plat e s are clos e d and held tog e ther and ( 4 ) contains a 
periph e ral gasket near th e out e r perim e t e r of said spacer plat e s such that wh e n a plurality of said 
spacer plat e s are closed and held together said p e ripheral gask e t surrounds and contains all 

15 enclo se d e lectrod e s, all enclos e d, gask e ted fluid and e lectrical conduits and all fluids th e r e for e 
containing and isolating same from th e outside environm e nt. 

[0007] I t is anoth e r object of th e pres e nt inv e ntion to provid e a n e w and improved high pr e ssur e 
electrocoagulation apparatus comprising an elongated, square, rectangular frame for supporting a 
plurality of spacer plat e s with enclos e d el e ctrod e s and conduit s having an integral hydraulic 
20 moans for applying and rel e asing closure pressur e on said plurality of spac e r plates allowing the 
apparatus to b e easily op e ned for maintenance and subs e quently, e asily closed with sufficient 
pr e ssur e to ensure containm e nt and isolation of all fluids and conduits within th e confin e s of the 
apparatus, 
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[001 4 ]It is another object of the present invention to provid e a n e w and improved high pressure 
e lectrocoagulation m e thod and apparatus to provid e an influ e nt and e ffluent chamber for r e agent 
mixing and directing fluid flow to allow all plumbing to b e located at on e end of the apparatus 
and to allow said hydraulic/ m e chanical closure m e ans to be located at th e opposit e e nd of the 
apparatus, 

[0015] It is another obj e ct of th e present inv e ntion to provid e a n e w and improved high pr e ssure 
e lectrocoagulation m e thod and apparatus that provid e s a vari e ty of physical, mechanical and/or 
organic separation m e ans to subs e quently remove mat e rials, said separating m e ans shall bo 
determined by th e application, influent charact e ristic s and goals of tr e atment. 

[0016]It is anoth e r object of th e pr e s e nt invention to provide an alt e rnat e , less exp e nsive 
electrocoagulation apparatus comprising an e xternal e l e ctrical conduit with integral attachment 
means for attachment to the el e ctrodes for applications in a non hazardous e nvironm e nt (i e . non 
e xplosion proof). 

[0017]It is another obj e ctive of th e present inv e ntion to provid e an alternate, l e ss exp e nsiv e 
e l e ctrocoagulation apparatus compri s ing ext e rnal fluid conduits in fluid communication with th e 
influent and e fflu e nt mixing chambers of th e apparatus via an e xt e rnal manifold. 

[0018]It is another obj e ct of the pr e sent inv e ntion to provid e a n e w and improv e d high pr e ssure 
electrocoagulation apparatus that incorporat e s th e four m e chanisms of disinf e ction and in so 
doing satisfi e s the r e quirem e nts of a proc e ss to further r e duce pathogens (PFRP). 
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Summary of the Invention 

fQMSt[0008] The present invention relates to an apparatus and method for treating aqueous and 
viscous fluids at high pressures including comprising: a pump for transferring various fluids 
through an el e ctrocoagulation d e vic e, a high pressure plate and frame electrocoagulation device, 
an effluent conduit in fluid communication with the electrocoagulation device incorporating a 
pressure regulation device and a physical, mechanical, and/or organic separation means 
connected to thesaid effluent conduit before or after the pressure regulation device such that the 
pressure of the aqueous and/or viscous fluid may or may not be controlled r e l e as e d through the 
physical, mechanical and/or organic separation means. 

10 [00091 The high pressure plate and frame electrocoagulation device of a preferred embodiment 
of the present invention consists includes -ef a plurality of recessed, gasketed, non-electrically 
conductive spacer plates* hereafter referred to as spacer plates* with integral supports on the 
edges that contain various shaped electrodes within the recessed boundaries of the spacer plates. 
The s pacer plate holds and positions the electrodes in a specific orientation. The integral 
15 supports on the edges of the spacer plates accommodate r esting on the side rails of a na squar e or 
rectangular, elongated frame , preferably square or rectangular. Th e spacer plate stack can be 
arran ged in various orientations, such as substantially horizontal or sub stantially vertical.4hafc4s 
support e d abov e grade by l e g s such that th e spac e r plat e stack is arrang e d in a horizontal 
orientation. This in no way implies that the spacer plate stack cannot be oriented in a vertical 
20 dir e ction and in many applications it is favorable to orient the spacer plate stack in a vortical 
direction. In a prefer red embodiment, tT he electrodes g§nmay or may not act as a bo made of 
sacrificial material* including iron or aluminum* such that the electrode material will be 
sacrificed at the anodes in accordance with Faraday's Law when a voltage is applied to saidthe 
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electrodes. In an alternate prefe rred embod iment, it is advantageous to include electrodes of 
How e ver, it may be beneficial to make the electrodes of a non-sacrificial material and/or 
electrodes coated coating said e lectrodes with a non-sacrificial material . This can be particularly 
beneficial when the desired effect is oxidation and reduction or organism/organic destruction by 
5 the electromotive force present within the device. Tn a preferred embodiment, the electrodes are 
slotted, perforated, pierced, or crimped. The electrodes can be constructed of a porous, 
permeable or semi-permeable material. Other characteristics of electrodes known in the art can 
he used. Another p referred embo diment of the present invention includes an external electrical 
conduit with inte gral attachment means for attac hment to t he electrod es for applications in a non- 
10 hazardous environment fie, non-explosion proof! 

[0010] In one preferred embodiment, the s pacer plates are constructed with gasketed ports. 
These gasketed ports align with each other when a plurality of spacer p lates are arranged beside 
each other such that the gasketed ports create an interconnected chan nel forming conduits for 
fluid flow within the confines of an outer gas ket located near the peripheral edge of the spacer 

15 plates. The a li gned gaskets are referred to jointly as the peripheral gasket. The peripheral gasket 
of the s pacer plates contains all fluids, c onduits and electrodes s uch that when the spacer plates 
are ali gned for operation, each conduit is substantially isolated from the outside environment. In 
a preferred embodiment, the s pacer plates are aligned bv applyin g closing or operating pressure 
to the spacers, preferably by h ydraulic mechanical closure means. The inte gral hydraulic 

20 mechanical closure me ans allows for a pplying and releasing closure pressure on the plurality of 
spacer plates allowing the ap paratus to be easily opened for maintenance and subsequently, 
easil y closed with sufficient pressure to ensure containment and isolation of all fluids and 
conduits within the confines of the apparatus. Another preferred embodiment includes external 
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fluid conduits in fluid communication with the influent and effluent mixing chambers of the 
ap paratus via an external manifold. 

f 001 11 The spacer plates also include an electrically conductive material embedded or attached 
to the spacer plates. The electrically conductive material is preferably metallic discs, rods, 
5 inserts that int eract with the gasketed ports. In this manner, when a plurality of spacer plates are 
pressed to gether under pressure, an electrical conduit is forme d when a voltage is applied and 
distributed throu gh the interconnecting electrically conductive materials throughout the 
ap paratus and contacting the selected enclosed electrodes. The electrical conduits are within the 
confines of the peripheral gasket such that u pon closure of the spacer plates the electrical 
10 conduits are substantially isolated from the outside environment. 

[0012] A preferred embodiment of the electrocoagulation device includes a baffled influent and 
effluent mixing chamber at each end of the spacer plate stack for the addition and mixing of 
chemical reagents and/or flocculants. This also advantageously provides a means of fluid 
communication between fluid conduits formed within the apparatus, such as the conduit formed 

15 bv the interconnecting ports and a center conduit formed bv the plurality of cavities of the spacer 
plates as well as the interconnecti ng pi ping allowing fluids to enter and exit the device. This 
arrangement has t he advantage of allowing for influent and effluen t plumbing to be located on 
one end of the device while the hydraulic mechanical closure means can be located on the 
opposite end of the device to provide closing or opera ting pressure applied to the spacer plate 

20 stack. The closing or operating pressure is advan ta geously greater than the influent pumping 
pressure such that closure is maintained on the plate stack containing all fluids within the 
confines of the peripheral gasket of the spacer plates. In a preferred em bodiment, the influent 
mixin g chamber is advantageously connected through the head stock of the supporting frame 
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such that the head stock is in fluid communication with a riser pipe connected bv a tee (T). The 
riser pipe is advantageously of higher elevation than the spacer plate stack and terminates by 
means of a pressure re gulating device. The pressure regulating device can advantageously 
provide multiple functions when desired. The pressure regulating device collects gases that are 

5 present in an influent fluid so that that gases can be released thereby preventing the gases from 
enterin g the electrocoagulation device where thev could act to reduce the electrical co nductivity 
of the fluid. Moreover, the pressure regulating device can operate as a passive relief valve that is 
set for a selected, maximum operating pressure such that the safe operating pr essure of the 
electrocoa gulation device is not exceeded th erefore preventing the release of hazardous and/or 

10 non-hazardous fluids and/or material to the outside environment. In one preferred embodiment, 
the pressure regulating device is connected to a conduit that returns any released fluids to the 
stora ge, equalization and/or collection tank or vessel containing the fluid before transfer to the 
electrocoagulation device. The two effluent co nduits connect to the interconnecting effluent pipe 
that is in fluid communication with a separation means and connect to the separation means 

15 throu gh the pressure regulating device. The pressure re gulating device maintains pres sure on the 
electrocoagulation device such that the evolution of gases is inhibited as a result of electrolysis 
until pressure on the fluid is released upon entry to the separation device. Advantag eously, the 
effect of the pressure re gulation is that the released gases tha t will evolve, such as 0 2 and H2. 
are maintained in solution where thev are available for oxidation reduction reactions. The 

20 inhibition of gas evolution also prevents gas bubbles from reducing the electrical conductivity of 
the fluid as it fl ows through the electrocoagulation device. Additionally, the inhibi tion of gas 
evolution allows the evolved gases to be utilized for flotation clarification upon entry to the 
dissolved air/gas flotation chamber wh ere li quid-liquid and/or liquid-solids separat ion occurs. 
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When dissolved air/gas flotation is used as the separation means, a riser conduit can be 
connected to the effluent conduit before the pressure regulation device bv means of a Tee (T) 
the influent riser before entry to the electrocoagulation device. The effluent riser can act as (1) a 
redundant passive relief valve that can be set at a selected operating pressure such that the safe 
operating pressure of the electrocoagulation device is not exceeded preventing the release of 
fluids and other materials to the outside environm ent and (2) to accumulate any gases that may 
have evolved such that they may be released as not to allow large bubbles to enter into the 
flotation chamber where thev mav disru pt prope r flotation mechanics. Other advantageous will 
be apparent to those with ordinary skill in the art. 

fOQ2Q}[0013] Examples of The afore mention e d physical 7= or mechanical separation device 
useful in various embodiments of the invention include ^issolved air/gas flotation chamber^ 
mav or mav not b e substituted with or other separators utilizing p hysical, mechanical and/or 
organic separation means ^ dep e nding on the nature of th e fluid, th e undesirabl e matt e r and/or 
living organisms present th e rein, and th e desir e d goals and objectiv e s of treatm e nt. Said A 
preferred embodiment of the p hysical, mechanical and/or organic separation means ar eincludes 
pr e f e rably a two phase or three phase decanting centrifuge as used for dewatering of biological 
sludges and separating oil/— water / and solids, a membrane concentration system^ and/or a 
membrane bioreactor as used for removal of dissolved organic species, ajiydro cyclones as used 
for separating selected liquids-solids and liquids-liquids from soil slurries and oil field drilling 
fluids, a rotary or belt press as used for dewatering of biological sludges aftd/or a plate and frame 
filter press as utilized for dewatering of hazardous sludges. 

f002t410Q14] Certain lmportant features have been broadly presented as to allow a better 
understanding of the detailed description that follows ^ such that those skilled in the art may 
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appreciat e the unique contributions and engineering concepts of the present invention. It shall be 
understood by those skilled in the art that specific methods and structures described herein 
canmay be incorporated into differing designs that canmay be used to accomplish the same 
and/or similar objectives. It shall be understood that additional ebieete advantages . if not set forth 
specifically herein, will be readily apparent to those skilled in the art from the following detailed 
description and from the drawings. 

[0015] Advan ta geously, the present invention provides a high pressure electrocoagulation 
ap paratus that incorporates the four mechanisms of disinfection and in so doing satisfies the 
req uirements of a process to further reduce pathogens (TFRPV 

10 Brief Description of the Drawings: 

fQQ3£ t[0016] The preceding features and objects of the present invention and additional objects 
not listed herein may be clearly understood by those skilled in the art from the detailed 
description which follows and the drawings ^ in which : 

fQQ33 }[0017| FIG. 1 is a schematic, block flow diagram of a preferred embodim ent of the 
1 5 electrocoagulation method of the present invention. 

= FIG. 2 is four elevated views of a preferred embodiment of the pr e f e rr e d 
apparatus of the present invention 

fQQ£5f[0019| FIG. 3 is a horizontal cross section of the side view of gthe preferred embodiment 
of the apparatus of the present invention. 



20 



= FIG. 4 is a front and side view of one embodiment of a right single recessed 
electrocoagulation spacer plate of the pr e f e rred apparatus. 
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|QQ3?}f00211 F IG. 5 is a front and side view of one embodiment of a left single recessed 
electrocoagulation spacer plate of the pr e f e rr e d apparatus. 

fQQ2& }[00221 FIG. 6 is a view of one embodiment of an electrode of the pref e rred apparatus. 

fOO3 ^[00231 F IG. 7 is an isometric and front view of the influent mixing chamber/plate of ong 
embodiment of the pr e f e rr e d apparatus. 

fftft3fl }[00241 FIG. 8 is an isometric and front view of the effluent mixing chamber/plate of gng 
embodiment of the preferr e d apparatus. 

{flQ31}r00251 F IG. 9 is a front and side view of a right double recessed electrocoagulation 
spacer plate of one embodiment of the preferred apparatus. 

10 fftqj&tf0026j F IG - 10 is fr° nt md side view of a left double recessed electrocoagulation spacer 
plate of one embodiment of the preferred apparatus. 

WQ33ir0027] FIG. 1 1 is a horizontal cross section of three, single recessed electrocoagulation 
spacer plates through the line A-A' of FIG. 4 when saidthg spacer plates are closed and held 
together with pressure. 

1 5 fftQ34ir00281 FIG. 12 is a horizontal cross section of three, double recessed electrocoagulation 
spacer plates through the line B-B' of FIG. 9 when sakkhe spacer plates are closed and held 
together with pressure. 

fQQ35 }[0029] FIG. 13 is an isometric view of a plurality of electrocoagulation spacer plates of 
one embodiment of the pr e f e rr e d apparatus shown in a closed position without the supporting 
20 frame. 
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fQQ36}[00301 FIG. 14 is an isometric view of an external electrical buss bar attachment of one 
embodiment of the pref e rred apparatus. 

{OO^ }[00311 FIG. 15 is a front and side view of an offset hexagonal electrocoagulation spacer 
plate of one embodiment of the pr e f e rred apparatus. 

5 fflQ3& f[00321 F IG. 16 is a view of an offset, hexagonal electrode of one embodiment of the 
preferr e d apparatus. 

Description of the Preferred Embodiment 

[00.13] One preferred embodiment of the invention includes a plat e and frame apparatus utilizing 
recessed, qasketed. non-conductive spacer plates with enclosed, e xchangeable electrodes of 

10 various designs that are suspended on a supp orting, sq uare, elonga te frame in such a wav as to 
allow the s pacer plates with electrodes to be easi ly separated or opened to exchange the 
electrodes or perform othe r maintenan ce and subsequently closed and pressured utilizing a 
I hydraulic or screw type mechanical closure device that can maintain sufficient closure/operating 
pressure to seal the plurality of spacer plates with enclosed e lectrodes therefore containing 

15 pressured fl uids within the confines of the plurality of cham bers formed therein. The apparatus 
incorporates influent and effluent mixing chambers f containing injection ports for chemical 
rea gents^! in fluid co mmunicatio n with conduit s, internal or external to the confines of the spacer 
plates and interc onnecting influent and effluent pip ing allowing fluids to enter and exit the 
apparatus. Multi ple mechanical separation means in fluid com munication with the apparatus are 

20 used to subsequently separate liquids from liquids, liquids from solids and/or for dewatering of 
the fluid. 
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= Referring to FIG. 1, fluids 110 collected in tank 100 are pumped through an 
interconnecting influent pipe 116 by means of a pump 115 to the high pressure, plate frame 
electrocoagulation apparatus 140. An actuated valve 125 is located in the interconnecting 
influent pipe 116 to contain fluids 110 in the collection tank 100 when the system is not in 
operation. Pump 1 15 is typically a centrifugal pump for low viscosity fluids and/or a progressive 
cavity pump for high viscosity fluids, slurries and/or sludge and is capable of variable flow rates 
and high pressures (10 to 225 psi). A riser pipe 138 is connected to the interconnecting influent 
pipe 116 at a higher elevation than the electrocoagulation apparatus 140 to collect any 
undissolved gas that may be present in the fluid 110 and venting saidthg gas through pressure 
10 regulator valve 139 preventing any undissolved gas from entering the electrocoagulation 
apparatus 140. Gases are resistive to electrical current and reduce the electrical conductivity of 
influent fluids 110 inhibiting treatment. Pressure regulator valve 139 also provides passive 
pressure release in the event that unsafe pressures are encountered. Influent pressure of the fluid 
110 is monitored by the pressure sensor 135 which transmits a variable signal proportional to 
15 saidthe pressure to the controller 130. The controller may be a computerized PLC and/or other 
configured system utilizing analog and discreet inputs and outputs for data logging and 
activating automated devices. Two injection ports 126 are connected to the interconnecting 
influent pipe 116 for the addition of chemical reagents for desired oxidation reduction reactions 
and pressurized air for evacuating fluids from the electrocoagulation apparatus 140 when 
20 maintenance is required. 

= The electrocoagulation apparatus 140 is connected to a power supply 145 that 
provides an applied voltage to saidthe apparatus. The applied voltage may be an alternating, 
direct and/or a pulsed current. The following examples describe For the purpos e s of this 
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discussion, the applied voltage shall be described as a direct current andmth voltage applied to 
the terminal connections 128 of the electorcoagulation apparatus 140. As the pressured fluid 110 
flows through the electrocoagulation apparatus 140 various reactions occur as described in w 
co-pending U.S. Patent application Ser. No. 60/244,615 and in the forthcoming details. As the 

5 pressurized fluids 110 exit the electrocoagulation apparatus 140, a preferred but not essential 
method step is the injection of a flocculent aid via injection port 127 to assist with subsequent 
separation methods. Pressurized fluids 110 exit the electrocoagulation apparatus 140 by means 
of the interconnecting effluent pipe 117 with attached temperature sensor 137 which monitors 
the temperature of the effluent fluids 110 and transmits a variable signal proportional to the 

10 temperature to the controller 130. The interconnecting pipe 117 is connected to an actuated 
pressure regulator valve 154 by raiser pipe 153 such that the elevation of the riser pipe 153 is 
higher than the electrocoagulation apparatus 140 and the subsequent separation means 150 and 
collects any undissolved gases that may be present in the pressurized fluid 110 and periodically 
purges saidthe gases from the system to ensure that no undissolved gases enter the subsequent 

15 separation means 150. The pressure regulator valve 154 also provides passive pressure relief in 
the event that unsafe pressures are encountered. Pressure of the effluent pressurized fluid 1 10 is 
monitored by the pressure sensor 136 which transmits a variable signal proportional to said 
pressure to the controller 130. The pressurized fluid 110 may enter a variety of physical, 
mechanical and/or organic separation means 150 through pressure regulator valve 152 and 

20 pressure on the fluid 1 10 is dissipated as separation occurs by flotation, sedimentation, filtration 
and/or centrifugal force depending on the mechanism of the physical, mechanical and/or organic 
separation means 150. Treated fluid 110 exits the separation means 150 by means of a fluid 
conduit or pipe 118 connected to saidthe separation means 150 by actuated valve 200. Separated 
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materials removed from the fluids 110 are collected in a holding vessel 159 for further 
disposition by a transfer pump 160. 

fftQ44-f[0036] F IG. 2 and FIG. 3 show four elevated views of a preferred embodiment of t he 
high pressure plate and frame electrocoagulation apparatus 140 of the present invention. 
Together with FIG. 4, a horizontal cross section through the Z-axis viewing from the front of the 
head stock 122, details of the structure of the supporting frame become apparent to those skilled 
in the art. The supporting frame of the preferred apparatus comprises a rectangular, solid steel 
head stock 122 and tail stock 124 welded to two, heavy duty rectangular steel tubing side rails 
142 perpendicular to said-head stock 122 and tail stock 124 forming an elongate frame above 
grade for supporting, positioning and holding closure pressure on a plurality of 
electrocoagulation spacer plates 300 4 hereafter referjeed to as ES-P's (ESP's ar e defined in the 
objects of the pr e sent inv e ntion and s hall be discuss e d in detail in the forthcoming t e xt) . The 
ESP's 300 ride on the top of the side rails 142 of the supporting frame and m&yom be separated 
or opened for accessing internal components and subsequently closed and pressured by the 
hydraulic closure mechanism 144 that is integrally attached to the tail stock 124 and the push 
plate 146. ,The push plate 146 also rides on top of the side rails 142 and is held in a perpendicular 
position by two rollers 148. In one embodiment. a A spool piece 147 may or may not be ig 
included to allow for future expansion, different configurations of the apparatus and/or 
incorporation of multiple power supplies by segregating groups of ESP's 300. 

fO043|[00371 The head stock 122 of the preferred apparatus is constructed of solid steel 
providing a supporting leg for the apparatus and a means for attachment of the two side rails 142. 
Electrical contact terminals 128 are inserted through two ports 311 near the top of the head stock 
122 providing a means for the applied voltage supplied by the power supply 145 to contact 
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internal components. The external electrical contact utilizes standard explosion proof conduit- 
junctions that are familiar to those skilled in the art. Two through wall ports 121 are located near 
the bottom corners of the head stock 122 and are in fluid communication with internal, effluent 
conduits 149 providing a means for fluids 1 10 to exit the apparatus. Although only two effluent 
ports 121 are shown, more may be utilized determined by the application. The two effluent ports 
121 are connected to an effluent manifold 123 which is in fluid communication with the 
interconnecting effluent pipe 117. Effluent temperature sensor 137 and effluent pressure sensor 
136 are located in the interconnecting effluent pipe 117 to monitor temperature and pressure of 
the pressurized fluid 1 10 as it exits the apparatus and transmit variable signals proportional to the 
temperature and pressure to the controller 130. The interconnecting influent pipe 1 16 is in fluid 
communication with the influent feed pump 115 (FIG. 1) and incorporates actuated valve 125 
used for segregating the system from the collection tank 100 and allowing the apparatus to be 
depressurized by opening pressure regulator valve 139 and/or pressure regulator valves 154 and 
152 (FIG. 1). Integral with the influent interconnecting pipe 116 are two injection ports 126 for 
the addition of chemical reagents that may or may not be utilized for oxidation reduction and/or 
other desired reactions, and air for blowing down the apparatus to evacuated fluids 110 from the 
apparatus prior to or during depressurization and subsequent opening for inspection and 
maintenances. A riser pipe 138 is connected to the influent interconnecting pipe 116 behind the 
injection ports 126 and before the influent conduit 325 through the head stock 122 providing a 
means of collecting any gases not in solution and purging saidthg gases to the collection tank 100 
to avoid inclusion of saidthe gases in the influent pressurized fluid 110 avoiding a reduction of 
electrical conductivity in the influent fluid 110. Integral with the riser pipe 138 are pressure 
regulator valve 139 and influent pressure sensor 135 which monitors influent fluid 110 pressure 
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and transmits a variable signal proportional to saklthe pressure to the controller 130. Pressure 
regulator valve 139 also provides passive pressure relief by receiving a signal from the controller 
130 to open when a pre-set, limiting pressure is detected thereby avoiding an unsafe condition. 



fOQ43}[0038| The tail stock 124, like the head stock 122, also provides a support leg for the 
apparatus and a means of welded attachment for the two side rails 142. The tail stock 124 also 
provides a means of supporting the integrally attached hydraulic closure mechanism 144 for 
opening, closing and maintaining pressure on the closed stack of ESP's 300. The hydraulic 
closure mechanism 144 is an air operated closure mechanism lockable in the closed position that 
is capable of maintaining sufficient closure pressure to allow influent pumping and operating 
10 pressure of the fluid 1 10 at 1 10 psi. Closure pressure is in directi v correlation corrolatable to the 
cross sectional surface area of the ESP 300 stack and will vary with the size of the preferred 
apparatus. All hydraulic components and a local control panel 220 are integral with and 
enclosed within the tail stock 124 and include pneumatic and hydraulic pressure relief bypass 
means (not shown) to avoid damage to the apparatus in a malfunction condition. All integral, 
15 internal hydraulic components, air headers, pumps, air regulators etc. are accessible to the 
operator through an access door 143 in the tail stock 124. 

fQQ441f00391 FIG. 5, 6, 10, and 16 show front and side views of ESP's of the preferred 
apparatus and together with FIG. 14, an isometric and cross-sectional view of a plurality of 
ESP's shown in a closed position without the supporting frame, and FIG. 7 and 17, views of 
20 electrodes 141 of the preferred apparatus, the mechanism of fluid 110 transport through the 
apparatus and distribution of the applied voltage throughout the apparatus will become apparent. 
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fO«4^r00401 Electrocoagulation spacer plates LECTROCOAGULATION SPACER PLATES 
(300 ), h e reaft e r r e f e rr e d to as ESP's, are advantag eousl y defined as flat, recessed, gasketed, 
ported devices constructed of non-electrically conductive materials including comprising an 
internal cavity 305 for supporting and containing various shaped electrodes 141 within confined 
5 boundaries such that when a plurality of like devices is stacked together, an internal, elongate 
cavity 221 with multiple, parallel tubular conduits is isolated within. ESP's are typically square 
and/or offset hexagonally shaped. FIG. 14 is an isometric view of a plurality of ESP's 300 
stacked together without a supporting frame or electrodes 141 showing the internal elongate 
cavity 221 and surrounding parallel conduits 222 within. When flat, ported electrodes 141 are 
10 enclosed within the recessed boundaries 224 of the closed ESP's 300, a plurality of 
perpendicular chambers 223 is isolated within the internal, elongate cavity 221 such that fluids 
1 10 may flow through a path established dteteted by the shape and location of any openings in the 
flat, enclosed electrodes 141. In this illustration the preferred shape and location of satdthe 
openings are rectangular ports 226 located at alternating ends therefore dictating a meandering or 
1 5 sinuous path. Saidlhe ports may be circular, rectangular, etc. and may be located at alternating 
tops and bottoms of electrodes 141, at alternating right and left sides of electrodes 141 and/or 
any combination of srndthg locations as to advantageously develope dietaie a meandering or 
sinuous flow pattern and/or a spiral or conical flow pattern. When an applied voltage is 
connected to the terminals 128 of the apparatus and distributed throughout the apparatus such 
20 that alternating positive (+) and negative (-) electric potentials are realized by the enclosed 
electrodes 141 while fluids 110 are flowing through the dictat e d sinuous path, an electric current 
flows from electrode 141 to electrode 141 and therefore through the pressurized fluid 110 
circulating through the apparatus. 
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fQQ46U0041j The means of distributing the applied voltage throughout the apparatus is 
accomplished by interconnecting, metallic inserts 310 that are embedded and/or inserted in the 
upper, gasketed ports 301 of the ESP's such that when a plurality of ESP' s 300 are closed and 
held together saidthe metallic inserts 310 contact each other, the power contact 303 of selected 
5 electrodes 141, and the electrical terminal contacts 128 located at the head stock 122, thereby 
defining a continuous electrical conduit (FIG.4/312) and a complete circuit for distribution of 
electrical power. All ports 301 and& 304 within the body of the ESP's 300 are individually 
contained by port gaskets 302 that are inserted into grooved recesses such as to hold eaidjhg port 
gaskets 302 in place and seal satdthe ports 301 and 304 containing and isolating same from fluid 

10 intrusion as with upper electrical ports 301 and/or fluid extrusion as with the case of the lower 
fluid ports 304 used for effluent fluid conduits 149 (FIG. 4) formed when a plurality of ESP's are 
closed and held together. A peripheral gasket 307 is positioned within a like-recessed groove 
located around the outer perimeter of the ESP's 300 thereby containing all internal cavities 305, 
all gasketed ports used for electrical purposes 301, metallic inserts used for electrical conduits 

15 3 10, all gasketed ports used as fluid conduits 304, and pressured fluids 110 within the confines of 
saidthe peripheral gasket 307 and ESP's 300 isolating same from the outside environment. 
ESP's may or may not be single recessed FIG. 5 and FIG. 6 meaning that the internal recessed 
boundary support 224 with rectangular recession 306 for location of selected electrode power 
contact 303, is located on only one surface for enclosing and positioning of one electrode 141 

20 and/or double recessed FIG. 10 and meaning that the ESP's 300 contain internal recessed 
boundary supports 224 on both surfaces for enclosing and positioning of two electrodes 141. A 
double recessed ESP 300 may be utilized with one powered electrode 141, using the second 
recessed boundary support 224 to position a non-powered baffle surface creating a longer fluid 
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path within the apparatus for (1) increasing the dwell time (reaction time) that the fluid 110 being 
treated is exposed to the electromotive force present within the apparatus and (2) increasing the 
distance between powered electrodes 141 requiring a higher applied voltage resulting in 
increased electrolysis and increased release of oxygen (02) and hydroxyl (OH-) ions available 
in solution for oxidation reduction reactions. When a non-powered baffle plate is incorporated in 
the second recessed boundary support 224 of a double recessed ESP 300, saidthe baffle plate is 
held in position by pins 315, inserted parallel to the outer surface of sakkhe baffle plate and 
perpendicular to the recessed boundary support 224 edge (FIG. 10). The extended, rectangular 
recession 306 that is integral with the internal recessed boundary support 224 for contacting 
10 selected electrodes 141 may be located in the right position as shown in FIG. 5 or in the left 
position as show in FIG. 6 to receive the electrode power contact 303 of selected electrodes 141. 
ESP's 300 rest vertically within the two side rails 142 of the supporting frame by means of a 
slotted, integral support 308 using the rectangular shaped slot 309 for positioning and alignment 
on the rectangular tubing of saidtlig side rails 142. 

15 fQM7}[00421 F IG. 8 is an isometric and front view of an influent mixing chamber plate 320 (the 
isometric view omits integral supports) that may or may not be attached to the head stock 122. It 
is comprised of many like features in that there are two upper gasketed ports 301 used to contain 
metallic inserts 310 and two, lower gasketed ports 304 used for fluid transport, but this device 
does not contain and position any electrodes 141. The influent mixing chamber plate 320 has a 
20 centrally located influent conduit 325 that protrudes through the influent port 151 in the head 
stock 122 and is in fluid communication with the interconnecting influent pipe 116 thereby 
allowing pressurized fluids 110 to enter the apparatus. It is a hollow structure with internal 
baffles 321 oriented such that the fluid 110 direction is reversed when traversing through the 
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chamber, agitating saktthe fluid 110 to mix any chemical reagents that may be injected via the 
injection ports 126 in the interconnecting influent pipe 116. There is a rectangular port 322 
located at the bottom of the back wall 323 to allow the pressurized fluid 1 10 to flow through. All 
tubular ports 301 and 304 extend from the front wall 324 to the back wall 323 isolating same 
from the internal chamber between. The influent mixing chamber plate 320 is constructed of 
non-electrically conductive materials and isolates electrical contact with the head stock 122 and 
side rails 142 like ESP's 300. 

ffl048}[00431 FIG. 9 is an isometric and front view of the effluent mixing chamber plate 330 
(the isometric view is shown without integral supports). The effluent mixing chamberfr 4s-se 
10 named b e cause it receives fluid flow through the influent, rectangular port 335 located on the 
upper portion of the front surface 331 and redirects fluid flow to the head stock 122 of the 
apparatus via the two gasketed fluid ports 304 located at the bottom inside surface 331. The 
lower, gasketed, fluid ports 304 align with like-gasketed ports 304 in adjacent chambers thereby 
comprisin g creating a continuous fluid conduit 149 (FIG. 4) within confined boundaries isolated 
15 from the outside environment. An injection port 127 is located at one side where fluid flow is 
reversed by one of two internal baffles 332 for injection and flash mixing of a flocculent aid 
and/or chemical reagents. The back surface 333 of the effluent mixing chamber plate 330 is 
contacted by the push plate 146 which is connected to the hydraulic closure mechanism 144 
providing closure pressure for the apparatus. Like the influent mixing chamber plate 320, the 



20 



effluent mixing chamber plate 330 contains no electrode 141. In one embodiment, the influent 
mixing chamber platefts is advantageously provided purpose is to redirect fluid flow to the head 
stock 122, provide an injection means 127 for flocculent and/or chemical reagents and mix same 
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via internal baffles 332, provide a means of contact to the push plate 146 and provide a means of 
electrical insulation to the supporting frame. 
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We claim: 



1. An apparatus and system that us e s an improved design for the high pressure 
electrocoagulative treatment and subsequent removal of undesirable matter and organisms in 
suspension, in solution and/or in a stable state of emulsion in aqueous and viscous fluids and 
5 sludge comprising: 

(a) A plate and frame design utilizing hydraulic or screw type mechanical closure and 
pressure on a plurality of recessed, gasketed, non-conductive spacer plates that 
completely or partially enclose square, rectangular, offset pentagonal and hexagonal 
or rod shaped electrodes in such a way as to form chambers through which an 

10 aqueous and/or viscous fluid may flow and may or may not come into contact with 

the electrode surfaces and also be exposed to the electromotive force present therein; 

(b) Applying a voltage to said electrodes in such a way on said electrodes to produce an 
alternating sequence of positive and negative electric potentials and thus causing a 
continuous flow of electrical current through the aqueous and viscous fluid flowing 

1 5 through said chambers; 

(c) Reacting with undesirable matter and/or organisms present in suspension, in solution 
and/or in a stable state of emulsion in the aqueous and/or viscous fluid with material 
sacrificed from the electrode surfaces and/or the electromotive force produced by said 
applied voltage within the apparatus in such a way as to cause the destabilization of 

20 colloidal particulates and/or emulsions, the direct chemical replacement and 

precipitation of substances, the co-precipitation of substances and/or disrupting the 
osmotic interchange of fluids through permeable, semi-permeable and/or other 
membrane boundaries of undesirable living organisms such as bacteria, viruses and/or 
cysts therefore causing the implosion or explosion of said organisms rendering them 

25 harmless to humans, animals, insects, vegetation and/or the environment; 

(d) A physical, mechanical and/or organic separation means in fluid communication with 
said apparatus via a conduit with a pressure release valve located at the point of entry 
to the said separation device such that pressure is maintained within the apparatus and 
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the conduit such that any evolved ^asses eases shall can be maintained in solution 
within the apparatus and the conduit such that said non-evolved gases sfeatkan be 
available for oxidation/reduction reactions with matter and/or organisms in solution, 
in suspension and/or in a stable state of emulsion in the aqueous and/or viscous fluid; 

5 (e) Said physical, mechanical and /or organic separation means is preferably (1) a 

dissolved air/gas flotation chamber as utilized for aqueous fluids such as water and 
wastewater, (2) a two phase and/or three phase decanting centrifuge as utilized for the 
disinfection (destruction of pathogens) and subsequent dewatering of biological 
sludge, liquefied manure and/or the separation of oil, water and solids, (3) a 
10 membrane concentration system and/or membrane bioreactor as utilized for 

concentrating and/or elimination of organic substances, (4) hydro cyclones as utilized 
for soil slurries and oilfield drilling fluids, (5) a rotary and/or belt press as utilized for 
dewatering biological sludge and/or (6) a plate and frame filter press as utilized for 
dewatering of hazardous sludge. 

15 (f) An apparatus and system as recited in claim (1), wherein the hydraulic or otherwise 

screw type mechanical closure pressure on the recessed, gasketed,, non-conductive 
spacer plates with electrodes is greater than the influent pumping pressure of the 
aqueous and/or viscous fluid being pumped through the apparatus such that the 
apparatus contains all fluids and substances within the confines of the chambers 

20 formed by the recessed, gasketed, non-conductive spacer plates; 

Question: Do we need to claim slots at alternating ends of electrode plates such that a 
serpentine or sinuous path is followed by the fluid? 

2. An apparatus and system as recited in claim (1) wherein the recessed, gasketed, non- 
conductive spacer plates posses integral supports on the edges such that the spacer plates with 
25 | enclosed electrodes shallcan rest on the side rails of a square or rectangular elongated frame and 
are free to be opened and closed for electrode replacement and/or other maintenance of the 
apparatus; 
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3. An apparatus and system as recited in claim (1) that includes baffled influent and baffled 
effluent chambers and/or plates at both ends that may or may not be integral with the square or 
rectangular elongated frame for; <1> the addition and flash mixing of chemical reagents and/or 
flocculants and <2> also provides a means of fluid communication to an influent and/or effluent 

5 conduit that may or may not be within the confines of the gasketed spacer plates for aqueous 
and/or viscous fluids entering or exiting the apparatus. 

4. An apparatus and/or system as recited in claim (4) wherein the effluent fluid conduit is 
formed by the interconnection of gasketed ports in the recessed, gasketed, non-conductive spacer 
plates. 

10 5. An apparatus and/or system as recited in claim (5) (or claim 1-?) wherein the means of 
dispersing the electrical current to the electrodes and throughout the apparatus is accomplished 
by an internal electrical conduit that is formed by metallic inserts embedded within the confines 
or inserted thru gasketed ports of the recessed, gasketed non-conductive spacer plates in such a 
way that they contact each other and the enclosed electrodes forming a continuous electrical 

15 conduit when closure pressure is applied to a plurality of spacer plates with enclosed electrodes; 

6. An apparatus and/or system as recited in claim (6) ( or claim 1) wherein offset, hexagonal 
electrodes may be larger than the recessed, gasketed, non-conductive spacer plates such that the 
exposed, edges of the electrodes may be connected to an external, flat buss bar by means of 
integral, flat clamps that snaps onto and off of the exposed edges of said electrodes thus 

20 providing a less expensive, easily maintained configuration that may be used in non-explosive 
environments; 

7. An apparatus and system as recited in claim (7) wherein the recessed, gasketed, non- 
conductive spacer plates are in the shape of an offset pentagram and/or hexagram, such that the 
edges of the larger electrodes may be exposed in such a way as to allow a flat buss bar with 

25 integral clamps to snap onto and off of the exposed corners or edges of the electrodes. 

8. An electrocoagulation spacer plate hereby defined as a recessed, gasketed, non- 
electrically conductive, usually square or offset hexagonally shaped plate of sufficient thickness 
that may (1) contain a variety of shaped electrodes within a recessed boundary such as to hold 
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and position said electrodes in a specific orientation, (2) contains multiple, integral, gasketed 
ports that shaHcan align with like gasketed ports in adjacent spacer plates on either side forming 
internal fluid conduits perpendicular to the vertical axis of said spacer plate when a plurality of 
said spacer plates are closed and held together, (3) contains multiple, integral, gasketed ports that 
shaHcan align with like gasketed ports in adjacent spacer plates on either side containing metallic 
inserts embedded or inserted in said ports, that shattean contact other said metallic inserts and/or 
enclosed electrodes therein forming a continuous electrical conduit perpendicular to the vertical 
axis of said spacer plate when a plurality of said spacer plates are closed and held together and 
(4) contains a peripheral gasket near the outer perimeter of said spacer plate that surrounds and 
10 contains all enclosed electrodes and all enclosed, gasketed fluid and electrical conduits within the 
confines of said spacer plate when a plurality of said spacer plates are closed and held together 
therefore isolating said electrodes, fluid conduits, electrical conduits, fluids and other matter and 
substances from the outside environment. Said electrocoagulation spacer plates may or may not 
be recessed and gasketed on one and/or both sides and have slotted, positioning supports integral 
15 to the edges that rest on the side rails of a square and/or rectangular, elongated frame. 

ABSTRACT 

fQQ4»}[00441 The present invention introduces method and apparatus comprising an improved 
design for the high pressure electrocoagulative treatment of aqueous and viscous fluids and 
sludge. The apparatus is configured as a plate and frame design utilizing hydraulic or screw type 
20 mechanical closure on a plurality of recessed, gasketed, non-electrically conductive 
electrocoagulation spacer plates, hereafter referred to as spacer plates, that completely enclose 
and isolate all fluids, electrical contacts, and electrodes within the confines of the apparatus. The 
spacer plates include integral supports on their edges that position and support said spacer plates 
with enclosed electrodes on top of the side rails of the supporting 'frame of the apparatus 
25 allowing said spacer plates to be separated for electrode replacement and maintenance and 
conversely closed, pressured and put into service. The apparatus also includes a baffled influent 
and effluent chamber at both ends for the addition and flash mixing of chemical reagents and/or 
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flocculants and that provide a means of fluid communication between fluid conduits and 
chambers formed within the apparatus by the interconnection of gasketed ports and cavities 
located in the spacer plates and external conduits thus allowing fluids to enter and exit the 
apparatus. Various physical, mechanical and/or organic separation means are utilized determined 
by influent fluid characteristics and the desired goals and objectives of treatment. 
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